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GENETICALLY MODIFIED PLANTS WHICH
SYNTHESIZE A LOW AMYLOSE STARCH
WITH INCREASED SWELLING POWER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National Stage filing of Inter-
national Application No. PCT/EP2008/000614, filed Jan. 23,

2008, which claims priority to European Patent Application
No. EP 07090 009.7, filed Jan. 26, 2007, and U.S. Provisional
Application No. 60/898,427, filed Jan. 30, 2007/, the disclo-
sures of which are hereby incorporated 1n their entirety by
reference.

The present invention relates to genetically modified
monocotyledonous plant cells and plants whose starch has an
apparent amylose content of less than 3% by weight and an
increased activity of a protein with the activity of a starch
synthase II and an increased activity of a protein with the
activity of a glucan, water dikinase. Such plants synthesize
starch with an increased hot-water swelling power. Methods
and processes for the generation/preparation of these plant
cells, plants, starches and flours are likewise subject matter of
the present invention.

Besides oils, fats and proteins, polysaccharides are the
most 1mportant renewable resources from plants. Starch,
which 1s one of the most important reserve materials in
Higher Plants, plays a central role in the polysaccharides,
besides cellulose.

Furthermore, starch 1s a nutritionally essential component
of human and amimal food. The structural features of the
starch which 1s present 1n foodstuils may have an effect on the
functional properties (for example water-binding capacity,
swelling power), the nutritional characteristics (for example
digestibility, effect of the foodstull on the glycemic index) or
the structural characteristics (for example sliceability, tex-
ture, stickiness, processability) of a very wide range of food-
stulls. Food products therefore frequently comprise a starch
with specific structural features which bring about the desired
characteristics of the foodstuil in question. Also, the starch
which 1s present 1n the plant tissues may affect the character-
1stics of foodstuils which comprise starch-storing plant tis-
sues (for example grains, fruits, flours).

The polysaccharide starch 1s a polymer made up of chemi-
cally unmiform units, the glucose molecules. However, 1t con-
stitutes a highly complex mixture of different forms of mol-
ecules which differ with regard to thewr degree of
polymerization, the occurrence of branches of the glucose
chains and their chain lengths and which, moreover, may be
modified, for example phosphorylated. Starch therefore does
not constitute a uniform raw material. In particular, one dif-
ferentiates between amylose and amylopectin. In typical
plants used for industrial starch production or as foodstuils
such as, for example, maize, rice, wheat or potato, amylose
accounts for approximately 20%-25% and amylopectin for
approximately 70%-80% of the synthesized starch.

The functional, nutritional or structure-imparting charac-
teristics of starch such as, for example, solubility, the retro-
gradation behavior, the water-binding capacity, the film-
forming properties, the viscosity, the gelatination properties,
the freeze-thaw stability, the stability to acid, the gel strength,
the swelling power, the digestibility, the size of the starch
grains ol starches are aflected, inter alia, by the structural
teatures of the starch, such as the amylose/amylopectin ratio,
the molecular weight of the glucose polymers, the side-chain
distribution pattern, the ion content, the lipid and protein
content and/or the starch grain morphology.
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Methods based on plant breeding may be used to modify
selected structural characteristics of the starch and therefore
functional, nutritional or structure-imparting characteristics
of starch in plant cells. However, at present this 1s only pos-
sible for selected structural features of starch (for example
amylopectin/amylose content, U.S. Pat. No. 5,300,145). It 1s
not possible currently for example to influence the starch
phosphate content 1n plants by plant breeding methods alone.

An alternative to plant breeding methods i1s the targeted
modification of starch-producing plants by means of recom-
binant methods. However, a prerequisite for doing so 1s the
identification and characterization of the enzymes involved in
starch synthesis and/or starch modification, and their subse-
quent functional analysis 1n transgenic plants.

A variety of enzymes which characterize different reac-
tions are mvolved in the synthesis of starch in plant cells.
Starch synthases (EC2.4.1.21, ADP-glucose:1,4-alpha-D-
glucan 4-alpha-D-glucosyltransierase) catalyze a polymer-
1zation reaction by transferring a glucosyl residue from ADP-
glucose to alpha-1,4-glucans, where the glucosyl residue
transierred 1s linked with the alpha-1,4-glucan by generating
an alpha-1,4-linkage. Several 1soforms of starch synthases
have been 1dentified 1n each of the plants studied to date. Two
classes of starch synthases can be distinguished: the granule-
bound starch synthases (GBSS) and the soluble starch syn-
thases (in the context of the present invention also abbreviated
to “SS”). Granule-bound starch synthases catalyze the syn-
thesis of amylose, while soluble starch synthases are involved
in the synthesis of amylopectin (Ball and Morell, 2003, Annu.
Rev, Plant Biol. 54, 2077-233; Teltow et al., 2004, J. Expt. Bot.
55(406), 2131-2145). The group of the soluble starch syn-
thases has several isoforms which are referred to the specialist
literature as SSI, SSII, SSIII, SSIV and SSV. The association
of starch synthases to the individual 1soforms (SSI, SSII,
SSIII, SSIV, SSV) 1s made with the sequence homologies of
the respective protein sequences of the enzymes 1n question
(Ball and Morell, 2003, Annu. Rev, Plant Biol. 54, 207-233).
Each individual 1soform of the soluble starch synthases has,
in accordance with current teaching, allocated to it a specific
function in the synthesis of starch. While only one 1soform of
SSI proteins has been detected 1n dicotyledonous plants, two
different classes of SSII proteins have been detected 1n some
monocotyledonous plants (for example maize), which are
referred to as SSIla and SSIIb, respectively. In monocotyle-
donous plants, SSIla 1s expressed preferentially 1n the
endosperm, and SSIIb preferentially 1n the leaf tissue (Teltow
ct al., 2004, J. Expt. Bot. 55(406): 2131-2145). The specific
function, 1n particular of the individual soluble starch syn-
thases, 1n the synthesis of the starch 1s currently not fully

explained (Ball and Morell, 2003, Annu. Rev, Plant Biol. 54:
207-233).

The functional, nutritional or structure-parting character-
istics of starch are also affected by the phosphate content, a
noncarbon component. Here, one has to distinguish between
phosphate which 1s bonded covalently to starch glucose mol-
ecules 1n the form of monoesters (referred to as starch phos-
phate 1in the context of the present invention) and phosphate in
the form of starch-associated phospholipids.

The starch phosphate content varies with the plant cultivar.
Thus, for example, certain maize mutants synthesize a starch
with an increased starch phosphate content (waxy maize at
0.002% and high-amylose maize at 0.013%), while tradi-
tional maize varieties only contain traces of starch phosphate.
Likewise, small amounts of starch phosphate are found 1n
wheat (0.001%), while no starch phosphate was detected in
oats and Sorghum. In waxy rice mutants, less starch phos-
phate (0.003%) was found than 1n traditional rice varieties
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(0.013%). Significant amounts of starch phosphate were
detected 1n plants which synthesize tuber or root storage
starch, such as, for example, tapioca (0.008%), sweet potato
(0.011%), arrow root (0.021%) or potato (0.089%). The
above-cited percentages for the starch phosphate content

refer in each case to the dry weight of the starch and have been
determined by Jane et al. (1996, Cereal Foods World 41 (11):

827-832).

Starch phosphate may be present 1n the form of monoesters
at the C2, C3 or C6 position of the polymerized glucose
monomers (lakeda and Hizukuri, 1971, Starch/Starke 23:
267-272). The phosphate distribution of the phosphate 1n
starch synthesized by plants 1s generally distinguished by the
tact that approximately 30% to 40% of the phosphate residues
are bonded covalently in the C3 position and approximately
60% to 70% of the phosphate residues in the C6 position of
the glucose molecules (Blennow et al., 2000, Int. J. of Bio-
logical Macromolecules 27: 211-218). Blennow et al. (2000,
Carbohydrate Polymers 41: 163-174) determined a starch
phosphate content which 1s bonded 1n the C6 position of the
glucose molecules for a varniety of starches such as, for
example, potato starch (between 7.8 and 33.5 nmol per mg
starch, depending on variety), starch from various Curcuma
species (between 1.8 and 63 nmol per mg starch), tapioca
starch (2.5 nmol per mg starch), rice starch (1.0 nmol per mg
starch), mungbean starch (3.5 nmol per mg starch) and sor-
ghum starch (0.9 nmol per mg starch). These authors did not
detect any starch phosphate bonded in the C6 position 1n
barley starch and starch from various waxy mutants of maize.
No relationship between the genotype of a plant and the starch
phosphate content has been established as yet (Jane et al.,
1996, Cereal Foods World 41 (11): 827-832).

To date there have been described two proteins which
mediate the introduction of covalent bonds of phosphate resi-
dues to starch’s glucose molecules. The first protein has the
enzymatic activity of an alpha-glucan, water dikinase (GWD,
E.C.: 2.7.9.4) (Ritte et al., 2002, PNAS 99: 7166- 7171) 1S
frequently referred to as Rl n partlcular in the earlier scien-

tific literature and 1s bound to the starch granules of storage
starch 1n potato tubers (Lorberth et al., 1998, Nature Biotech-
nology 16: 473-4°77). The second protein described in the
literature which catalyzes the introduction of starch phos-

phate into starch has the enzymatic activity ol a phosphor-
glucan, water dikinase (PWD, E.C.: 2.7.9.5) (Kotting et al.,
2003, Plant Physiol. 137: 2424-252, Baunsgaard et al., 2005,
Plant Journal 41: 595-605).

One essential difference between GWD and PWD 1s that
GWD 1s capable of utilizing unphosphorylated starch as 1ts
substrate, 1.e. a denovo phosphorylation of unphosphorylated
starch can be catalyzed by GWD, while PWD requires
already phosphorylated starch as 1ts substrate, 1.e. introduces
additional phosphate into already-phosphorylated starch
(Kotting et al., 2005, Plant Physiol. 137: 2424-2352, Baun-
sgaard et al., 2005, Plant Journal 41: 595-605). A turther
essential difference between GWD and PWD 1s that GWD
introduces phosphate groups exclusively 1n the C6 position of
the starch’s glucose molecules, while PWD exclusively phos-

phorylates the C3 position of starch’s glucose molecules
(Ritte et al., 2006, FEBS Letters 580: 4872-4876).

In the reaction which 1s catalyzed by GWD, or PWD, the
starting materials alpha-1,4-glucan (1n the case of GWD) and
phosphorylated alpha-1,4-glucan (in the case of PWD),
respectively, adenosin triphosphate (ATP) and water are con-
verted 1nto the products glucan phosphate (starch phosphate),

inorganic phosphate and adenosin monophosphate (Kotting
et al., 2005, Plant Physiol. 137: 2424-232; Ritte et al., 2002,

PNAS 99: 7166-7171).
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Wheat plants which have an elevated activity of GWD
proteins as the result of the expression of a GWD-encoding
gene from potato are described in WO 02/34923. In compari-
son with corresponding wild-type plants 1n which no starch
phosphate could be detected, these plants synthesize starch
with significant amounts of starch phosphate in the C6 posi-
tion of the glucose molecules.

WO 05/002359 describes the expression, 1n maize plants,
of a potato GWD which has been optimized for the codon
usage in maize plants. By means of >'P NMR, a total phos-
phate content of 0.0736% phosphate based on the amount of
glucose (bonded at the C6, C3 and C2 position of the glucose
molecules) of the maize starch 1n question was determined. IT
a molecular weight 98 1s assumed for phosphate (H,PO,), a
total phosphate content of approximately 7.5 nmol of phos-
phate per mg of starch results for the total phosphate content
of 0.0736%—which has been determined m WO
05/002359—1or starch 1solated from transgenic maize plants.
Plants which as the result of the expression of a PWD-encod-
ing gene from Arabidopsis thaliana show an increased activ-
ity of a PWD protein are described in WO 05/095617. In
comparison to corresponding untransformed wild type
plants, these plants have an increased starch phosphate con-
tent.

An important functional characteristic, for example when
processing starches 1n the food industry, 1s the swelling
power. Various structural characteristics of starches, such as
the amylose-/amylopectin ratio, the side chain length, the
molecular weight distribution of the starch polymers, the
number of branches and the amount of starch phosphate have
an eilect on functional characteristics, 1n particular on the
swelling power of the starches 1n question (Narayana and
Moorthy, 2002, Starch/Starke 54: 559-592).

Amylose has long been regarded as a linear polymer con-
sisting of a-1,4-glycosidically linked o-D-glucose mono-
mers. However, more recent studies have demonstrated the

presence of a-1,6-glycosidic branch points (approx. 0.1%)
(Hizukurn and Takagi, 1984, Carbohydr. Res. 134: 1-10;

Takeda et al., 1984, Carbohydr. Res. 132: 83-92).

Amylopectin constitutes a complex mixture of glucose
chains with different branching patterns. In contrast to amy-
lose, amylopectin comprises more branches. Side chains are
linked via a-1,6-glycosidic linkages to the main chain of
a.-D-Glucose monomers, which are a-1.,4-glycosidically
linked. According to the literature (Voet and Voet, 1990. Bio-
chemistry, John Wiley & Sons), the a-1,6-branches occur on
average every 24 to 30 glucose residues. This corresponds to
a degree of branching of approx. 3%-4%. The data on the
degree of branching vary and depend on the origin of the
starch 1n question (for example plant species, plant variety
and the like). In typical plants used for the industrial produc-
tion of starch, such as, for example, maize, wheat or potato,
amylose starch accounts for approximately 20%-30% and
amylopectin starch for approximately 70%-80% of the starch
synthesized.

Another important difference between amylose and amy-
lopectin 1s their molecular weight. While amylose, depending
on the origin of the starch, has a molecular weight of 5x10°-
10° Da, the molecular weight of amylopectin is between 10’
and 10° Da. The two macromolecules can be distinguished on
the basis of their molecular weight and their different physi-
cal-chemical characteristics, and the simplest way of visual-
1zing this 1s through their different 10dine-binding character-
1stics.

A large number of technical applications only require amy-
lopectin since amylopectin has a thickening action. Amylose
has a gelling action and 1s therefore rather undesired for a
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number of uses. Pure amylopectin starch makes possible a
very uniform surface structure combined with high viscosity,
stability and transparency. Possible applications for these
starches are in papermaking, 1n the adhesives industry, the
textiles industry, the building industry and the cosmetics
industry. Furthermore, amylopectin starch 1s the preferred
starting material for the preparation of maltodextrins as the
result of their increased solubility 1n water, stability to disso-
lution and transparency 1in comparison with maltodextrins
which are prepared from amylose-comprising starches.

In the food industry, amylopectin starches are frequently
employed as stabilizers, binders and for improving texture.
Amylopectin starches are particularly advantageous in the
case of those processing steps at which large temperature
variations occur during processing and finishing (for example
freeze-thaw-stability). The use of amylopectin starches in the
food 1ndustry 1s growing, in particular taking ito consider-
ation the increasing demand for (semi-)iinished products.

GBSSI (*granule-bound starch synthase I””) 1s mnvolved in
amylose formation. To date, plants have been described 1n
which the activity of the granule-bound starch synthase
GBSSI 1s reduced (Shure et al.,, 1983, Cell 35: 225-233;
Hovenkamp-Hermelink et al., 1987, Theoretical and Applied
Genetics 75: 217-221: Visser et al., 1991, Mol. Gen. Genet.
225: 289-296; Hergersberg, 1988, Thesis, University of
Cologne; WO 92/11376). Furthermore, there are known
mutants which lack a functional GBSSI gene and which
therefore synthesize an amylose-free (=amylopectin) starch
(Kossmann and Lloyd 2000, Critical Reviews 1n Plant Sci-
ences, 19(3): 171-226). The endosperm of corresponding
GBSSI mutant of maize 1s waxy 1n appearance, which 1s why
the term “waxy” endosperm has been introduced as a syn-
onym for amylose-iree starches.

When describing the swelling power of starch, one must
distinguish between swelling power i1n cold water (for
example room temperature) and swelling power 1in warm or
hot water. The swelling power of native starches 1n cold water
1s negligible, if not nonexistent, while physically modified
(pregellatized, dried) starches are capable of swelling even 1n
cold water. Preparation methods for cold water swelling
starches are described for example 1n U.S. Pat. No. 4,280,851.
In the context of the present ivention, the term “swelling
power’ refers to the behavior of starch 1n warm/hot aqueous
suspensions. The swelling power 1s routinely determined by
warming starch granules in the presence of an excess of water,
removing unbound water after centrifugation of the suspen-
s1ion and forming the quotient from the weight of the residue
obtained and that of the amount of starch weighed in. When
carrying out this procedure, warming the starch suspension
causes crystalline regions of the starch granules to dissolve
and the water molecules to intercalate into the starch granules
without dissolving the structure of the starch granule 1itself,
1.e. only a swelling of the individual starch granules takes
place.

In comparison with starches from cereals, starches 1solated
from tubers or tuber-like tissues have a considerably higher
hot-water swelling power.

For potato starches 1solated from various varieties, a maxi-
mum swelling power of 74.15 g/g (variety Kuir1 Jyot1) at 85°
C. has been determined (Singh et al., 2002, Journal of the
Science of Food and Agriculture 82: 1376-1383), using the
method of Leachetal. (1939, Cereal Chemistry 36: 534-344).
Takizawa et al. (2004, Brazilian Archives of Biology and
Technology 47(6): 921-931) determined a swelling power of
100 g/g for potato starch (90° C., using the method of Leach
ctal., above). Wheat starch 1solated from various cultivars has
a swelling power o1 16.6 g/g to 26.0 g/g (temperature: boiling
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aqueous 0.1% AgINO,; suspension) ( Yamamori and Quynh,
2000, Theor Appl Genet. 100: 23-38). Starch 1solated from
various cultivars of hull-less barley has a swelling power of
16.5 g/g or 19.3 g/g, and waxy, or amylose-iree starch of
various cultivars of said barley has a swelling power of 36.0
g/g t0 55.7 g/g (temperature: 70° C., aqueous 0.1% AgNO,,
Yasu1 et al., 2002, Starch/Starke 54: 179-184). For maize
starch, a swelling power o1 22.3 g/g has been determined, and
for high-amylose maize starches a swelling power of 9.6 g/g
(Hylon V), 6.1 g/g (Hylon VII) or 3.9 g/g (LAPS=Low Amy-
loPectin Starch) (90° C., Sh1 et al., 1998, I. Cereal Sci. 27:

289-299). U.S. Pat. No. 6,299,907 states a swelling power of

35.4 g/g for waxy maize starch. For starch isolated from
various rice cultivars, a swelling power of 26.0 g/gto 33.2 g/g

has been determined (Sodhi and Singh, 2003, Food Chemis-
try 80: 99-108), using the method of Leach et al. (above).
Chen et al. (2003, Starch/Starke 55: 203-212) determined a

swelling power of approximately 25 g/g to approximately 49
g/g (95° C., aqueous suspension) for various mixtures of
waxy rice starches with high-amylose rice starches. Yasui et

al. (2002, Starch/Starke 54: 179-184) determined a swelling

power ol 53.7 g/g (measured 1in boiling water 1n 0.1% aqueous
silver nitrate solution) for an amylase-free rice starch.

By producing dervatives of native starches, it 1s possible to
modily functional characteristics of the starches. Cross-
linked wheat starches have a swelling power of from 6.8 g/g
to 8.9 g/g, depending on the degree of crosslinking, acetylated
wheat starches have a swelling power of a maximum of 10.3
g/g. and simultaneously crosslinked and acetylated wheat
starches have a swelling power of 9.4 g/g, while the corre-
sponding non-derivatized starches have a swelling power of

8.8 g/g (measured at 90° C.; Van Hung und Morita, 2003,
Starch/Starke 57: 413-420).

For acetylated waxy rice starches, a swelling power of
approximately 30 g/g has been determined and for
crosslinked waxy rice starch a swelling power of approxi-
mately 15 g/g, while corresponding non-derivatized waxy
rice starch had a swelling power of approximately 41 g/g.
Acetylated rice starch had a swelling power of approximately
20 g/g and crosslinked rice starch a swelling power of

approximately 13 g/g, while corresponding non-derivatized

rice starch had a swelling power of approximately 14 g/g
(measured at 90° C., Liu et al., 1999, Starch/Starke 52: 249-

252). U.S. Pat. No. 6,299,907 describes crosslinked starches,
where the crosslinking reaction had been carried out after
preswelling the starches 1n question 1 a sodium hydroxide/
sulfate solution. Depending on the degree of crosslinking,
wheat starch was found to have a swelling power of from 6.8
g/g to 7.3 g/g (corresponding non-derivatized wheat starch
14.7 g/g), wheat hydroxypropyl starch a swelling power of
9.7 g/g (corresponding non-derivatized wheat starch 22.9
g/g), crosslinked maize starch a swelling power of 5.9 g/g
(corresponding non-derivatized maize starch 16.7 g/g),
crosslinked waxy maize starch a swelling power of 8.3 g/g
(corresponding non-derivatized waxy maize starch 35.4 g/g),
and crosslinked potato starch a swelling power of 6.7 g/g
(corresponding non-dertvatized potato starch was not speci-
fied 1n detail) (measurements at 95° C.). This reveals that the
swelling power of starch cannot be increased substantially, 11
at all, by current derivatization methods.

The object of the present invention 1s to provide modified
waxy starches with altered functional characteristics, and
novel plant cells and plants which synthesize a waxy starch
with altered functional characteristics, as well as methods and
means for generating said plants and/or plant cells.
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In particular, the altered functional characteristics consist
in the fact that the modified starches have an 1ncreased hot-
water swelling power.

Thus, the present invention relates to genetically modified
monocotyledonous plant cells or genetically modified mono-
cotyledonous plants whose starch has an apparent amylose
content of less than 5% by weight, and which additionally
have an increased activity of a protein with the enzymatic
activity of a starch synthase II and additionally an increased
activity of a protein with the enzymatic activity of a glucan,
water dikinase 1n comparison with corresponding genetically
not modified wild-type plant cells, or corresponding geneti-
cally not modified wild-type plants.

In this context, the genetic modification may be any genetic
modification which leads to the synthesis of a starch with less
than 5% by weight amylose and simultaneously to an increase
in the activity of at least one protein with the activity of a
starch synthase II and (simultaneously) of at least one protein
with the activity of a glucan, water dikinase in genetically
modified plant cells or genetically modified plants 1n com-
parison with corresponding not genetically modified wild-
type plant cells or wild-type plants.

In the context of the present invention, the term “wild-type
plant cell” means plant cells which act as starting material for
the generation of the plant cells according to the invention, 1.¢.
whose genetic information, with the exception of the intro-
duced genetic modification, corresponds to that of a plant cell
according to the mvention.

In the context of the present invention, the term “wild-type
plant” means plants which acted as starting material for the
generation of the plants according to the mnvention, 1.e. whose
genetic information, with the exception of the introduced
genetic modification, corresponds to that of a plant according
to the mnvention.

In the context of the present invention, the term “corre-
sponding” means that, when comparing several objects, the
objects 1n question which are compared with one another are
maintained under 1dentical conditions. In the context of the
present invention, the term “corresponding” in the context of
wild-type plant cell or wild-type plant means that the plant
cells or plants which are compared with one another were
grown under 1dentical culture conditions and have an 1denti-
cal (culture) age.

The term “monocotyledonous plants” refers to the mono-
cots. Botanically, they belong to one of the three classes of the
angilosperms (Magnoliophyta). In contrast to dicots, mono-
cotyledonous plants are distinguished by the fact that the
embryo typically has only one cotyledon primordium (Greek:
monos="single” and kotyledon="cotyledon™). Moreover,
they have sheathed vascular bundles, 1.e. phloem and xylem
are not separated by a meristem, which 1s why no secondary
thickening of the stem 1s possible. This class of plants
includes, inter alia, the grasses with the orders Cyperales and
Poales, and a large number of other families.

In the context of the present invention, the term “increased
activity of at least one protein with the (enzymatic) activity of
a starch synthase II”” means an increase in the expression of
endogenous genes which code for proteins with the activity of
a starch synthase II and/or an increase in the amount of
proteins with the activity of a starch synthase II 1n the cells
and/or an 1ncrease 1n the activity of proteins with the activity
ol a starch synthase II 1n the cells.

In the context of the present invention, the term “increased
activity of a protein with the (enzymatic) activity of a glucan,
water dikinase” means an increase in the expression of endog-
enous genes which code for proteins with the activity of a
glucan, water dikinase and/or an increase 1n the amount of
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proteins with the activity of a glucan, water dikinase in the
cells and/or an increase 1n the activity of proteins with the
activity of a glucan, water dikinase 1n the cells.

The increase 1n expression can be determined, for example,
by measuring the amount of transcripts which code for pro-
teins with the activity of a starch synthase II or proteins with
the activity of a glucan, water dikinase. This can be done for
example by northern blot analysis or by Q-PCR (quantitative
transcription polymerase chain reaction).

An 1ncrease 1n the amount of a protein with the activity of
a glucan, water dikinase means, 1n this context, preferably an
increase 1n the amount of the protein in question by at least
50%, 1n particular by at least 70%, pretferably by at least 85%
and especially preferably by at least 100% 1n comparison to
corresponding, not genetically modified cells.

An 1ncrease 1n the amount of protein with the activity of a
glucan, water dikinase also means that plants or plant cells
which contain no detectable amount of proteins with the
activity of a glucan, water dikinase will, following genetic
modification according to the invention, contain a detectable
amount of protein with the activity of a glucan, water diki-
nase.

Methods for raising antibodies which specifically reactto a
certain protein, 1.e. which specifically bind to said protein, are

known to the skilled worker (see, for example, Lottspeich and
Zorbas (Eds.), 1998, Bioanalytik, Spektrum akad, Verlag,

Heidelberg, Berlin, ISBN 3-8274-0041-4). The raising of
such antibodies can be commissioned from some companies
(for example Eurogentec, Belgian). Antibodies by means of
which an increase 1n the amount of protein with the activity of
a glucan, water dikinase can be determined by means of

immunological methods are described by Lorberth et al.
(1998, Nature Biotechnology 16: 473-477) and Ruifte et al.

(2000, Plant journal 21: 387-391). Antibodies by means of
which an increase 1n the amount of protein with the activity of
a starch synthase 11 can be determined by means of immuno-
logical methods are described by Walter (“Untersuchungen
der Expression und Funktion der Starkesynthase 11 (SSII) aus
Weizen (1riticum aestivum) [Studies 1nto the expression and
function of starch synthase II (SSII) from wheat (Triticum
aestivum)|”, PhD Thesis at the Faculty of Biology, University
of Hamburg, ISBN 3-8265-8212-8).

The amount of the activity of a protein with the activity of
a glucan, water dikinase can be detected for example as
described 1n the literature (Mikkelsen et al., 2004, Biochemi-
cal Journal 377: 525-532; Ritte et al., 2002, PNAS 99: 7166-
7171).

The amount of the activity of a protein with the activity of
a starch synthase II can be determined for example as
described 1n the literature (Nishi et al., 2001, Plant Physiol-
ogy 127: 459-4772). A preferred method for determining the
amount of the activity of a protein with the activity of a starch
synthase II 1s described under “General Methods”.

Preferably, plant cells according to the invention or plants
according to the invention have an activity of a protein with
the activity of a starch synthase II which 1s increased by at
least a factor of 2, preferably by at least a factor of 6, 1n
comparison with corresponding genetically not modified
wild-type plant cells, or wild-type plants.

The construction of proteins with the activity of a starch
synthase II (ADP-glucose:1,4-alpha-D-glucan 4-alpha-D-
glucosyltransierase; EC 2.4.1.21) shows a sequence of cer-
tain domains. Atthe N terminus, they have a signal peptide for
the transport 1nto plastids. From the N terminus toward the C
terminus, there follow an N-terminal region and a catalytic
domain (L1 et al., 2003, Funct Integr Genomics 3, 76-85).
Further analyses based on amino acid sequence alignments
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(http://hits.1sb-sib.ch/cg1-bin/PFSCAN) of various proteins
with the activity of a starch synthase II revealed that these
proteins have three specific domains. In the amino acid
sequence shown as SEQ ID NO 4, the amino acids 322 to 351
represent domain 1, the amino acids 423 to 462 domain 2 and
the amino acids 641 to 705 the domain 3. Domain 1 1s
encoded by the nucleotides 1190 to 1279, domain 2 by the
nucleotides 1493 to 1612 and domain 3 by the nucleotides
2147 to 2350 of the nucleic acid sequence shown as SEQ ID
NO 3.

In the context of the present invention, the term “protein
with the activity of a starch synthase II” 1s understood as
meaning a protein which catalyzes a glucosylation reaction in
which glucose residues of the substrate ADP-glucose are
transierred to alpha-1,4-linked glucan chains, with formation
of an alpha-1,4-linkage (ADP-Glucose+{(1,4)-alpha-D-glu-
cosyl H(N)<=>ADP+{(1,4)-alpha-D-glucosyl }(N+1)), where
the amino acid sequence of the protein with the activity of a
protein of a starch synthase II has at least 86%, preferably at
least 93%, particularly preferably at least 95%, especially
preferably at least 98% 1dentity with the amino acids 322 to
351 (domain 1) of the amino acid sequence shown as SEQ 1D
NO 4, and at least 83%, preferably at least 86%, particularly
preferably at least 95%, especially preferably at least 98%
identity with the amino acids 423 to 462 (domain 2) of the
amino acid sequence shown as SEQ ID NO 4 and at least
70%, preferably at least 82%, preferably 86%, particularly
preferably 95%, especially preferably at least 98% 1dentity
with the amino acids 641 to 705 (domain 3) of the amino acid
sequence shown as SEQID NO 4. Nucleic acid sequences and
the corresponding amino acid sequences which have said
identity with domains 1, 2 and 3 and which code for a protein
with the activity of a starch synthase II are known to the

skilled worker and published for example as Accession No
AY 133249 (Hordeum vulgare), Accession No AY 133248

(Aegilops tauschii), Accession Nos XP467757, AAK64284
(Oryza sativa), Accession No AAKR81729 (Oryza sativa)
Accession Nos AAD13341, AAST77569, No AAD13342 (Zea
mays), Accession No AAF13168 (Manihut esculenta),
Accession No BADI18846 (Phaseolus vulgaris), Accession
No CAA61241 (Solanum tuberosum), Accession No
CAA61269 (Pisum sativum), Accession No AAC19119 (Ip-
omea batatas), Accession No AAF 26156 (Arabidopsis
thaliana), Accession No AAP41030 (Colocasia esculenta),
Accession No AASS8880 (Ostraeococcus tauri) or Acces-
sion No AAC17970 (Chlamydomonas reinhardii). The
abovementioned nucleic acid sequences and amino acid
sequences coding for a protein with the activity of a starch
synthase II are accessible via NCBI (http://www.ncbi.nim.ni-
h.gov/entrez/) and are expressly incorporated into the
description of the present application by reference.

For the purposes of the present invention, the term “protein
with the activity of a glucan, water dikinase™ 1s understood as
meaning a protein which transfers a beta-phosphate residue
from ATP to starch. Starches 1solated from leaves of an Ara-
bidopsis thaliana sex1-3 mutant contain no detectable
amounts ol covalently bonded phosphate residues, but are
phosphorylated in vitro by a protein with the activity of a
glucan, water dikinase. This means that unphosphorylated
starch, for example 1solated from leaves of an Arabidopsis
thaliana sex1-3 mutant 1s used as the substrate 1n a phospho-
rylation reaction which 1s catalyzed by a protein with the
activity of a glucan, water dikinase.

A protein with the activity of a glucan, water dikinase
transiers the beta-phosphate residue of ATP to starch inthe C6
position of glucose, and the gamma-phosphate residue of ATP
to water. Another reaction product which 1s generated 1s AMP
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(adenosin monophosphate). A protein with the activity of a
glucan, water dikinase 1s therefore also referred to as [alpha-
1,4-glucan], water dikinase, or else starch: water dikinase
(E.C.: 2.7.9.4; Ritte et al., 2002, PNAS 99:7166-7171).

The phosphorylation of starch which 1s catalyzed by a
protein with the activity of a glucan, water dikinase gives rise
to additional phosphate monoester bonds exclusively in the
C6 position of the glucose molecules (Ritte etal., 2006, FEBS
Letters 580: 4872-48°76). The catalysis of the phosphoryla-
tion reaction of a starch by a protein with the activity of a
glucan, water dikinase gives rise to an intermediate phospho-
rylated protein in which the beta-phosphate residue of ATP 1s
bonded covalently to an amino acid of the protein with the
activity of a glucan, water dikinase (Ritte et al., 2002, PNAS
99, 7166-7171). The intermediate 1s formed by autophospho-
rylation of the protein with the activity of a glucan, water
dikinase, 1.e. the protein with the activity of a glucan, water
dikinase 1tself catalyzes the reaction which leads to the inter-
mediate. Amino acid sequences which code for proteins with
the activity of a glucan, water dikinase contain a phosphohis-
tidine domain. Phosphohistidine domains are described for
example by Tien-Shin Yu et al. (2001, Plant Cell 13, 1907-
1918). In the autophosphorylation of a protein with the activ-
ity of a glucan, water dikinase, a histidine residue in the
phosphohistidine domain of the amino acid sequence, coding
for a protein with the activity of a glucan water dikinase, 1s
phosphorylated (Mikkelsen et al., 2004, Biochemical Journal
3°77:525-532). In the protein sequence, shown for example as
SEQ ID NO 2, of a protein with the activity of a glucan, water
dikinase from Solanum tuberosum, the amino acids 1064 to
1075 constitute the phosphohistidine domain. If another
amino acid 1s substituted for the conserved histidine residue
(amino acid 1069 1n the protein sequence shown for example
as SEQ ID NO 2) of the phosphohistidine domain, autophos-
phorylation, and thus phosphorylation, of glucans by the
mutagenized protein no longer takes place (Mikkelsen et al.,
2004, Biochemical Journal 377: 525-332). Furthermore, a
protein with the activity of a glucan, water dikinase 1s distin-
guished by the fact that it has a C-terminal nucleotide binding
domain which 1s comprised by the amino acids 1121 to 1464
in the amino acids sequence shown for example as SEQ 1D
NO 2. A deletion of the nucleotide binding domain leads to
inactivation of a protein with the activity of a glucan, water
dikinase (Mikkelsen und Blennow, 20035, Biochemical Jour-
nal 385, 355-361). Proteins with the activity of a glucan,
water dikinase have on their N terminals a carbohydrate bind-
ing domain (CBM) which 1s comprised by the amino acids 78
to 362 1n the amino acid sequence shown as SEQ ID NO 2.
Carbohydrate binding domains are distinguished inter alia by
the fact that their amino acid sequences contain conserved
tryptophan residues. If other amino acids are substituted for
these conserved amino acid residues, the carbohydrate bind-
ing domains lose their ability of binding glucans. Thus, for
example, a substitution of amino acids W139 or W194 1n the
amino acid sequence shown as SEQ ID NO 2 leads to a loss of
function of this carbohydrate binding domain. If, however,
the carbohydrate binding domain of a glucan, water dikinase
1s deleted (for example a deletion of amino acids 1 to 362,
where the amino acids 1 to 77 1n the amino acid sequence
shown as SEQ ID NO 2 constitute a plastidal signal peptide),
this does not lead to the inactivation of the phosphorylating
activity of the enzyme (Mikkelsen et al., 2006, Biochemistry
45: 4674-4682).

Nucleic acid sequences and their corresponding amino
acid sequences coding for a protein with the activity of a
glucan, water dikinase are described from different species

such as, for example, potato (WO 97/11188, GenBank Acc.:
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AY 027522, Y093533), wheat (WO 00/77229, U.S. Pat. No.
6,462,256, GenBank Acc.: AAN93923, GenBank Acc.:
AR236165), rice (GenBank Acc.: AAR61445, GenBank
Acc.: AR400814), maize (GenBank Acc.: AAR61444, Gen-
Bank Acc.: AR400813), Soybean (GenBank Acc.:
AAR61446, GenBank Acc.: AR400815; citrus (GenBank
Acc.: AY094062), Arabidopsis (GenBank Acc.: AF312027)
and the green algae Ostreococcus tauri (GenBank Acc.:
AY570720.1). The abovementioned nucleic acid sequences
and amino acid sequences coding for a protein with the activ-
ity of a glucan, water dikinase are published inter alia by the
NCBI  (http://www.ncbinim.nih.gov/entrez/) and are
expressly mcorporated into the description of the present
application by reference.

In the context of the present invention, the term “GBSS I”
1s to be understood to mean any enzyme which belongs to the
group of the granule-bound starch synthase of 1soform I (EC

2.4.1.21).

In the context of the present invention, the term “GBSSI-
Gen” 1s understood as meaning a nucleic acid molecule or
polynucleotide (cDNA, DNA) which codes for a granule-
bound starch synthase I (GBSS I). Seq ID No 7-12 comprise
nucleic acid sequences or amino acid sequences which code
in each case for a protein with the activity of a GBSS I from
rice, wheat and maize.

Polynucleotides coding for GBSS 1 are described for a

variety of monocotyledonous plant species such as, for
example, for maize (Genbank Acc. Nos. AF079260,

AF079261), wheat (Genbank Acc. Nos. AB019622,
ABO019623, ABO019624), nce (Genbank Acc. Nos.
AF092443, AF092444, AF031162), barley (Genbank Acc.
Nos. X07931, X07932), Sorghum bicolor (Genbank Acc. No
U23945) and durum wheat (Genbank Acc. No AB029063).
The abovementioned nucleic acid sequences and amino acid
sequences coding for a protein with the activity of a GBSS 1
are published inter alia by NCBI (http://www.ncbi1.nlm.nih-
gov/entrez/) and are expressly incorporated 1nto the descrip-
tion of the present application by reference.

Mutants which lack a functional GBSS I gene synthesize
an amylose-free starch (=waxy starch). Such mutants are

described for a series of crops such as, for example, for maize

(for example by Sprague et al, 1943, J. Am. Soc. Agron.
35:817-822; Shure et al. 1983, Cell 35: 225-233), rice (Sano

1984, Theor. Appl. Genet. 68: 467-4773; Villareal and Juliano
1986, Starch/Staerke 38:118-119), barley (Rohde et al 1988,
Nucleic Acids Res 16: 7185-7186), wheat (Nakamura et al
19935, Mol. Gen. Genet. 248: 253-259), potato (Hovenkamp-
Hermelink et al. 1987, Theor. Appl. Genet. 75: 217-221) and
millet (Okuno and Sakaguchi 1982, J. Hered 73: 4677). The
term “waxy mutant” 1s used synonymously, owing to the fact
that, 1n maize, the endosperm has a waxy appearance. The
GBSS I protein 1s also frequently referred to as “waxy pro-
tein” (Kossmann and Lloyd 2000 “Understanding and Influ-
encing Starch Biochemistry™, Critical Reviews 1n Plant Sci-
ences, 19(3): 171-226).

Suitable plant cells or plants for the generation of the plant
cells and plants according to the invention are those which
show a reduction of the apparent amylose content 1n the starch
synthesized by them to less than 5% by weight.

In one embodiment of the present mvention, a genetic
modification of the plant cells according to the mnvention or of
the plants according to the invention i1s brought about by
mutagenesis of one or more GBSS I genes. The nature of the
mutation 1s ol no consequence as long as it brings about a
reduction, or complete dimimishment, of the GBSSI activity,
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and thus a reduction of the apparent amylose content of the
starch present 1n the plants according to the invention to less
than 5% by weight.

A mutation which leads to the reduction of the GBSSI
activity and to the dimimishment of the apparent amylose
content of the starch to less than 5% by weight in the plant
cells and plants according to the mvention may occur spon-
taneously, and the plants 1n question can be selected and
propagated with the aid of the methods described hereinbe-
low.

For the purposes of the present invention, a “waxy mutant”
1s understood as meanming a plant whose starch has an apparent
amylose content of less than 5% by weight. Equally, “waxy
starch” refers to a starch with an apparent amylose content of
less than 5% by weight.

In the context of the present invention, the term “mutagen-
es1s” 1s understood as meaning any type of introduced muta-
tion such as, for example, deletions, point mutations (nucle-
otide substitutions), isertions, mversions, gene conversions
or chromosomal translocations.

Agents which can be employed for generating chemically
induced mutations, and the types of mutation obtained
thereby as the result of the effect of the mutagens in question
are described, for example, by Ehrenberg and Husain (1981,
Mutation Research 86: 1-113) and Miiller (1972, Biologis-
ches Zentralblatt 91 (1): 31-48). The generation of rice
mutants using gamma rays, ethylmethanesulfonate (EMS),
N-methyl-N-nitrosourea or sodium azide (NalN,) 1s described
for example, by Jauhar and Siddig (1999, Indian Journal of
Genetics, 39 (1) 23-28), Rao (1977, Cytologica 42: 443-
450), Gupta and Sharma (1990, Oryza 27: 217-219) and
Satoh and Omura (1981, Japanese Journal of Breeding 31 (3):
316-326). The generation of wheat mutants using NaN, or
maleic anhydrazide 1s described by Arora et al. (1992, Annals
of Biology 8 (1): 65-69). An review of the generation of wheat
mutants using various types of high-energy radiation and

chemical agents 1s described by Scarascia-Mugnozza et al.
(1993, Mutation Breeding Review 10:1-28). Svec et al.

(1998, Cereal Research Communications 26 (4): 391-396)
describe the use of N-ethyl-N-mitrosourea for the generation
of mutants 1n triticale. The use of MMS (methylmethane-
sulfonic acid) and gamma radiation for the generation of
millet mutants 1s described by Shashidhara et al. (1990, Jour-
nal of Maharashtra Agricultural Universities 15 (1): 20-23).

Monocotyledonous plant cells and plants which synthesize
a starch with an apparent amylose content of less than 5% by
welght (=waxy plants, or waxy plant cells) can also be gen-
erated by using what 1s known as insertion mutagenesis (re-
view: Thorneycroit et al., 2001, Journal of Experimental
Botany 52 (361): 1593-1601). “Insertion mutagenesis™ 1s
understood as meaning in particular the insertion of trans-
posons, or what 1s known as transier DNA (T-DNA) 1nto a
gene.

The transposons may take the form of transposons which
occur naturally 1n a (wild-type) plant cell (endogenous trans-
posons) or else those which do not occur naturally 1n said cell
but have been introduced 1nto the cell by means of recombi-
nant methods, such as, for example, by transforming the cell
(heterologous transposons). Modifying the expression of
genes by means of transposons 1s known to the skilled worker.
A review of the utilization of endogenous and heterologous
transposons as tools 1n plant biotechnology can be found in
Ramachandran and Sundaresan (2001, Plant Physiology and
Biochemistry 39, 234-252). The possibility of i1dentifying
mutants 1n which specific genes have been inactivated by
transposon mnsertion mutagenesis can be found 1n a review by

Maes et al. (1999, Trends 1n Plant Science 4 (3), 90-96). The
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generation of rice mutants with the aid of endogenous trans-
posons 1s described by Hirochika (2001, Current Opinion in
Plant Biology 4, 118-122). The identification of maize genes
with the aid of endogenous retrotransposons 1s shown, for
example, 1n Hanley et al. (2000, The Plant Journal 22 (4),
557-366). The possibility of generating mutants with the aid
of retrotransposons and methods for identifying mutants are
described by Kumar and Hirochika (2001, Trends 1in Plant
Science 6 (3), 127-134). The activity of heterologous trans-
posons 1n different species has been described both for
dicotyledonous and for monocotyledonous plants, for
example for rice (Greco et al., 2001, Plant Physiology 125,
1175-1177; Liu et al., 1999, Molecular and General Genetics
262, 413-420; Hiroyuki et al., 1999, The Plant Journal 19 (5),
605-613; Jeon and Gynheung, 2001, Plant Science 161, 211-
219), barley (Koprek et al., 2000, The Plant Journal 24 (2),
253-263), Arvabidopsis thaliana (Aarts et al., 1993, Nature
363, 715-717, Schmidt and Willmitzer, 1989, Molecular and
(GGeneral Genetics 220, 17-24; Altmann et al., 1992, Theoreti-
cal and Applied Genetics 84, 371-383; Tissier et al., 1999,
The Plant Cell 11, 1841-1852), tomato (Belzile and Yoder,
1992, The Plant Journal 2 (2), 173-179) and potato (Frey et
al., 1989, Molecular and General Genetics 217, 172-177;
Knapp et al., 1988, Molecular and General Genetics 213,
285-290).

In principle, monocotyledonous “waxy” plant cells and
plants can be generated, with the aid of both homologous and
heterologous transposons, the use of homologous trans-
posons also including those transposons which are already
naturally present 1n the plant genome. In principle, T-DNA
mutagenesis 1s likewise suitable for producing “waxy” plant
cells and plants.

T-DNA 1nsertion mutagenesis 1s based on the fact that
certain segments (I-DNA) of T1 plasmids from Agrobacte-
rium are capable of integrating into the genome of plant cells.
The site of integration into the plant chromosome 1s not fixed
but may take place at any position. If the T-DNA 1ntegrates in
a segment of the chromosome which constitutes a gene func-
tion, this may lead to a modification of the gene expression
and thus also to an altered activity of a protein encoded by the
gene 1n question. In particular, the itegration of a T-DNA
into the coding region of a gene frequently means that the
protein 1n question can no longer be synthesized 1n active
form, or not at all, by the cell in question. The use of T-DNA
insertions for the generation ol mutants 1s described, for
example, for Arabidopsis thaliana (Krysan et al., 1999, The
Plant Cell 11, 2283-2290; Atipiroz-Lechan and Feldmann,
1997, Trends 1 Genetics 13 (4), 152-156; Parinov and
Sundaresan, 2000, Current Opinion i Biotechnology 11,
157-161) and rice (Jeon and An, 2001, Plant Science 161,
211-219; Jeon et al., 2000, The Plant Journal 22 (6), 561-
5770). Methods for identifying mutants which have been gen-
erated with the aid of T-DNA 1insertion mutagenesis are
described, inter alia, by Young et al., (2001, Plant Physiology
125, 513-518), Parinov et al. (1999, The Plant cell 11, 2263-
2270), Thorneycroit et al. (2001, Journal of Experimental
Botany 52, 1593-1601), and McKinney etal. (1995, The Plant
Journal 8 (4), 613-622).

Mutations 1n the corresponding gene can be found with the
aid of methods with which the skilled worker 1s familiar. For
example, 1t 1s possible to employ molecular analyzes based on
hybridizations with probes (“Southern blot”), on the ampli-
fication by means of polymerized chain reaction (PCR), on
the sequencing of suitable genomic nucleic acid fragments
and the search for individual nucleotides substitutions. An
example of a method of identifying mutations with the aid of
hybridization patterns 1s the search for restriction fragment
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length polymorphisms (RFLP) (Nam et al., 1989, The Plant
Cell 1: 699-705; Leister and Dean, 1993, The Plant Journal 4
(4). 745-750). A PCR based method 1s, for example, the
analysis of amplified fragment length polymorphisms
(AFLP) (Castiglion1 et al., 1998, Genetics 149: 2039-2056;
Meksem et al., 2001, Molecular Genetics and Genomics 265:
207-214; Meyer et al. 1998, Molecular and General Genetics
259: 150-160). The use of amplified fragments which have
been cleaved with restriction endonucleases (“‘cleaved ampli-
fied polymorphic sequences”, CAPS) 1s a further possibility

of identifying mutations (Konieczny and Ausubel, 1993, The
Plant Journal 4: 403-410; Jarvis et al., 1994, Plant Mol. Biol.

24: 685-687; Bachem et al., 1996, The Plant Journal 9 (5):
745-"753). Methods of determining SNPs have been described
by, inter alia, Q1 et al. (2001, Nucleic Acids Research 29 (22):
116), Drenkard et al. (2000, Plant Physiology 124: 1483-
1492) and Cho et al. (1999, Nature Genetics 23: 203-207).
Particularly suitable methods are those which permit a large
number of plants to be studied for mutations in certain genes
within a short period of time. Such a method, known as
TILLING (“targeting induced local lesions in genomes”™) has
been described by McCallum et al. (2000, Plant Physiology
123: 439-442).

The skilled worker knows that the above-described muta-
tions are, as a rule, recessive mutations. To manifest the waxy
phenotype, it 1s therefore necessary to generate true-breeding
(homozygous) plant cells or plants. Methods of generating,
true-breeding plants are known to the skilled worker.

Homozygous “waxy” mutants can be identified by staining,
the starch with 1odine. To this end, starch-comprising tissue
samples (for example endosperm, pollen) are stained with
iodine solution and studied for example under the micro-
scope. Waxy starches stain brown (1n comparison with the
blue staining of the wild type).

In a further embodiment of the present invention, the mtro-
duction of one or more foreign nucleic acid molecules/poly-
nucleotides, their presence and/or the expression of one or
more foreign nucleic acid molecules/polynucleotides lead to
the inhibition of the expression of endogenous genes which
code for the GBSS I protein and to a reduction of the apparent
amylose content of the starch present 1n the plant cell accord-
ing to the invention, or plant according to the invention, to less
than 5% by weight.

This can be done by various methods with which the skilled
worker 1s familiar. These methods include, for example, the
expression of a suitable antisense RNA, or of a double-
stranded RNA, the provision of molecules or vectors which
conier a cosuppression eflect, the expression of a suitably
constructed ribozyme which specifically cleaves transcripts
which code for GBSSI, or what 1s known as “in-vivo
mutagenesis”. Furthermore, the reduction of the GBSSI
activity/activities and/or the reduction of the gene expression
of the GBSSI gene 1n the plant cells can also be brought about
by the simultaneous expression of sense and antisense RNA
molecules of the specific target gene to be repressed, prefer-
ably the GBSSI gene. These methods are known to the skilled
worker.

In addition, 1t 1s known that the formation of double-
stranded RNA of promoter sequences 1n trans can bring about
methylation and transcriptional nactivation of homologous
copies of this promoter 1n planta (Mette et al., 2000, EMBO J.
19: 5194-5201).

To 1nhibit the gene expression by means of antisense or
cosuppression technology, for example, it 1s possible to
employ a DNA molecule which comprises all of the GBSSI
coding sequence including any tlanking sequences present, or
clse DNA molecules which only comprise parts of the coding
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sequence, where these parts must be long enough to bring
about an antisense eflect, or cosuppression eifect, 1n the cells.
Generally suitable are sequences with a mimmum length of
15 bp, preferably with a minimum length of 20-30 bp, espe-
cially preferably with a length of 100-500 bp, and, for highly
cificient antisense or cosuppression inhibition, 1n particular
sequences with a length of more than 500 bp.

Also suitable for antisense or cosuppression approaches 1s
the use of polynucleotide sequences with a high degree of
identity with the endogenous sequences which are present 1n
the plant cell and which encode GBSSI. The minimum iden-
tity should be greater than approximately 65%. The use of
sequences with i1dentities of at least 90%, in particular
between 95% and 100%, 1s to be preferred.

To achieve an antisense effect, or a cosuppression effect, 1t
1s furthermore also feasible to use introns, 1.e. from noncod-
ing regions of genes which code for GBSSI.

The use of intron sequences for inhibiting the expression of
genes which code for starch biosynthesis proteins has been
described 1n WO 97/04112, WO 97/04113, WO 98/37213,
WO 98/37214.

The skilled worker knows how to achieve an antisense
elfect and a cosuppression effect. The method of cosuppres-
s10n mnhibition has been described, for example, by Jorgensen
(1990, Trends Biotechnol. 8: 340-344), Niebel et al. (1993,
Top. Microbiol. Immunol. 197: 91-103), Flavell et al. (1995,
Curr. Top. Microbiol. Immunol. 197: 43-46), Palauqui and
Vaucheret (1995, Plant Mol. Biol. 29: 149-159), Vaucheret et
al. (1995, Mol. Gen. Genet. 248: 311-317), de Borne et al.
(1994, Mol. Gen. Genet. 243: 613-621).

Furthermore, a reduction of the GBSSI activity 1n the plant
cells can also be brought about by the simultaneous expres-
sion of sense and antisense RNA molecule of the specific
target gene to be repressed, preferably the GBSSI gene.

This can be achieved for example by using chimeric con-
structs which comprise “inverted repeats™ ol the target gene 1n
question, or parts of the target gene. The chimeric constructs
code for sense and antisense RNA molecules of the target
gene 1n question. Sense and antisense RNA are synthesized
simultaneously 1n planta as one RNA molecule, 1t being pos-
sible for sense and antisense RNA to be separated from each
other by a spacer, to form a double-stranded RNA molecule
(RNA1 technology).

It has been demonstrated that the introduction of 1nverted-
repeat DNA constructs into the genome of plants 1s a highly
cifective method for repressing the genes corresponding to
the inverted-repeat DNA constructs (Waterhouse et al., 1998,
Proc. Natl. Acad. Sci. USA 95, 13959-13964; Wang and
Waterhouse, 2000, Plant Mol. Biol. 43, 67-82; Singh et al.,
2000, Biochemical Society Transactions 28 (6), 925-9277; Liu
et al., 2000, Biochemical Society Transactions 28 (6), 927-
029; Smith et al., 2000, Nature 407, 319-320; WO 99/53050).
Sense and antisense sequences of the target gene, or target
genes, may also be expressed separately from one another by
means of identical or different promoters (Nap et al, 6 Inter-
national Congress of Plant Molecular Biology, 18-24 Jun.
2000, Quebec, Poster S7-277, Lecture Session S7).

The expression of ribozymes for reducing the activity of
specific enzymes 1n cells 1s also known to the skilled worker
and described, for example, in EP-B1 0321201. The expres-
sion of ribozymes 1n plant cells has been described for
example by Feyter et al. (1996, Mol. Gen. Genet. 250; 329-
338).

Moreover, the reduction of the GBSSI activity and/or the
reduction of the apparent amylose content of the starch
present 1n the plant cells to less than 5% by weight may also
be achieved by what 1s known as “in-vivo” mutagenesis,
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where an RNA-DNA oligonucleotide hybrid (*chimero-
plast™) 1s introduced 1nto cells by means of transtorming cells
(Kipp et al., Poster Session at the 57 International Congress
of Plant Molecular Biology, 21-27 Sep. 1997, Singapore; R.
A. Dixon and C. J. Amtzen, Meeting report regarding Meta-

bolic Engineering 1n Transgenic Plants, Keystone Symposia,
Copper Mountain, Colo., USA, 1997, TIBTECH 15: 441-

447, WO 95/15972; Kren et al., 1997, Hepatology 25: 1462-
1468; Cole-Strauss et al., 1996, Science 273: 1386-1389:
Beetham et al., 1999, PNAS 96: 8774-8778).

Part of the DNA component of the RNA-DNA oligonucle-
otide 1s homologous with a polynucleotide sequence of an
endogenous GBSSI gene, but comprises a mutation 1n com-
parison with the polynucleotide acid sequence of an endog-
enous GBSSI gene or comprises a heterologous region which
1s surrounded by the homologous regions. Owing to base
pairing of the homologous regions of the RNA-DNA oligo-
nucleotide and of the endogenous polynucleotide, followed
by homologous recombination, the mutation or heterologous
region present i the DNA component of the RNA-DNA
oligonucleotide can be transierred into the genome of a plant
cell.

Thus, the reduction of the GBSSI activity 1n the plant cells
can also be achieved by generating double-stranded RNA
molecules of GBSSI genes. To this end, 1t 1s preferred to
introduce, into the genome of plants, inverted repeats of DNA
molecules which are derived from nucleotide sequences
formed by GBSSI genes or cDNAs formed by such genes,
where the DNA molecules to be transcribed are under the
control of a promoter which governs the expression of said
RNA molecules.

A Turther possibility of reducing the activity of proteins 1n
plant cells or plants 1s the method of what 1s known as 1immu-
nomodulation. It 1s known that an expression 1n planta of
antibodies which specifically recognize a plant protein results
in a reduction of the activity of said proteins in corresponding
plant cells or plants as the result of the formation of a protein/
antibody complex (Conrad and Manteufel, 2001, Trends 1n
Plant Science 6: 399-402; De lJaeger et al., 2000, Plant
Molecular Biology 43: 419-428; Jobling et al., 2003, Nature
Biotechnology 21: 77-80).

All the abovementioned methods are based on the intro-
duction of one or more foreign nucleic acid molecules into the
genome of plant cells or plants and are therefore suitable 1n
principle for the generation of plant cells according to the
invention and plants according to the invention.

The reduction of the expression can be determined for
example by measuring the amount of transcripts which code
for the enzymes 1n question, for example by means of North-
ern blot analysis or quantitative RT-PCR.

The reduction of the amount of GBSSI protein can be
determined for example by immunological methods such as
Western blot analysis, ELISA (“enzyme linked immuno sor-
bent assay”™) or RIA (*radio immune assay”).

A reduction 1n the GBSSI activity 1n the plant cells, or
plants, according to the invention can also be detected indi-
rectly via quantifying of the reaction product of the GBSSI
protein, amylose. The skilled worker knows a multiplicity of
methods for determining the amylose content 1n plant
starches. For cereals, in particular rice, the apparent amylose
content 1s preferably determined by a method similar to that
of Juliano (1971, Cereal Science Today 16 (10): 334-340), as
described further below in the chapter “Materials and Meth-
ods™.

In a further embodiment for generating the plant cells
according to the mmvention or the plants according to the
invention, 1t 1s possible to use, mnstead of a wild-type plant cell
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or wild-type plant, a mutant which 1s distinguished by the fact
that i1t already synthesizes a starch with an apparent amylose
content of less than 3% by weight and/or which has an
increased activity of a protein with the activity of a glucan,
water dikinase and/or an increased activity of a protein with
the activity of a starch synthase II. These mutants may be
either spontaneously occurring mutants or else those which
have been generated by the targeted use of mutagens. Possi-
bilities of generating such mutants have been described here-
inabove.

The present invention furthermore comprises a genetically
modified monocotyledonous plant cell, or plant, according to
the invention whose genetic modification consists in the
introduction of at least one foreign nucleic acid molecule into
the genome of the plant used for the transformation.

As the result of the introduction of a foreign nucleic acid
molecule, the genetic information of the plant cells according
to the ivention or plants according to the invention are
altered. The presence of at least one foreign nucleic acid
molecule leads to an altered “phenotype”. Here, “altered phe-
notype” means a measurable alteration of one or more cellu-
lar functions. For example, the genetically modified plant
cells according to the ivention and the genetically modified
plants according to the imvention show, as the result of the
presence or, 1 the case of expression of mtroduced foreign
nucleic acid molecules, an increase 1n the activity of a protein
with the activity of a glucan, water dikinase and an 1ncrease in
the activity of a protein with the activity of a starch synthase
II and/or a reduction of the activity of a protein with the
activity of a GBSSI.

In the context of the present invention, the term “foreign
nucleic acid molecule” 1s understood as meaming a molecule
which either does not occur naturally 1n the plant cells used
for the transformation, or which does not occur naturally 1n
the specific spatial arrangement in the plant cells used for the
transformation, or which s located at a locus 1n the genome of
the plant cell used for the transformation at which 1t does not
occur naturally. The foreign nucleic acid molecule 1s prefer-
ably a recombinant molecule which consists of various ele-
ments whose combination or specific spatial arrangement
does not occur naturally in plant cells. Thus, recombinant
nucleic acid molecules may, for example, besides nucleic acid
molecules which code for a protein with the activity of a
glucan, water dikinase and/or a protein with the activity of a
starch synthase II and/or a nucleic acid which brings about a
reduction 1n the activity of a GBSSI, have additional nucleic
acid sequences which are not naturally present in combina-
tion with the abovementioned nucleic acid molecules. The
abovementioned additional nucleic acid sequences which are
present on a recombinant nucleic acid molecule in combina-
tion with a nucleic acid molecule coding for protein with the
activity of a glucan, water dikinase and/or protein with the
activity of a starch synthase II and/or with a nucleic acid
which 1s suitable for mediating a reduction 1n the activity of a
protein with the activity of a GBSSI may be any sequences.
They may be for example genomic and/or plant nucleic acid
sequences. Preferably, these additional nucleic acid
sequences are regulatory sequences (promoters, termination
signals, enhancers), particularly preferably regulatory
sequences which are active in plant tissue; especially prefer-
ably tissue-specific regulatory sequences.

Methods of generating recombinant nucleic acid mol-
ecules are known to the skilled worker and comprise genetic
engineering methods such as, for example, the linking of
nucleic acid molecules by ligation, genetic recombination or
the de-novo synthesis of nucleic acid molecules (see, for
example, Sambrok et al., Molecular Cloning, A Laboratory
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Manual, 3rd edition (2001) Cold Spring Harbour Laboratory
Press, Cold Spring Harbour, N.Y., ISBN: 0879695773;
Ausubel et al., Short Protocols in Molecular Biology, John
Wiley & Sons; 5th edition (2002), ISBN: 0471250929).

In the context of the present invention, the term “genome”™
1s understood as meaning the totality of the hereditary mate-
rial present 1n a plant cell. The skilled worker knows that not
only the nucleus, but other compartments too (for example
plastids, mitochondria) comprise hereditary material.

In principle, a foreign nucleic acid molecule can be any
nucleic acid molecule which brings about, in the plant cell or
plant, an increase 1n the activity of a protein with the activity
of a glucan, water dikinase and of a protein with the activity
of a starch synthase II and a reduction 1n the activity of a
protein with the activity of a GBSSI.

In a preferred embodiment, the foreign nucleic acid mol-
ecules coding for a protein with the activity of a glucan, water
dikinase take the form of the already-mentioned nucleic acid
molecules from the various plant species, which nucleic acid
molecules are known to the skilled worker. Particularly pre-
terred 1n this context are nucleic acid molecules coding for a
protein with the activity of a glucan, water dikinase from
potato, especially preferred 1s a protein with the activity of a
glucan, water dikinase which has the amino acid sequence
shown 1 SEQ ID NO 2 or i1s encoded by the nucleic acid

sequence shown i SEQ ID NO 1.

In a turther preferred embodiment, the foreign nucleic acid
molecules coding for a protein with the activity of a starch
synthase II take the form of the already-mentioned nucleic
acid molecules from the various plant species, which nucleic
acid molecules are known to the skilled worker. Particularly
preferred in this context are nucleic acid molecules coding for
a protein with the activity of a starch synthase 11 from wheat,
especially preferred 1s a protein with the activity of a starch
synthase II which has the amino acid sequence shown 1n SEQ
ID NO 4 or 1s encoded by the nucleic acid sequence shown 1n
SEQ ID NO 3.

A turther preferred embodiment takes the form of nucleic
acid molecules coding for a protein with the activity of a
starch synthase II from rice, especially preferably a protein

with the activity of a starch synthase II which has the amino
acid sequence shown in SEQ ID NO 6 or 1s encoded by the
nucleic acid sequence shown in SEQ ID NO 5.

In a further preferred embodiment, the foreign nucleic acid
molecules coding for a protein with the activity of a GBSSI
take the form of the already-mentioned nucleic acid mol-
ecules from the various plant species, which nucleic acid
molecules are known to the skilled worker. Particularly pre-
terred 1n this context are nucleic acid molecules coding for a
protein with the activity of a GBSSI from rice, especially
preferred 1s a protein with the activity of a GBSSI which has
the amino acid sequence shown 1n SEQ ID NO 8 or 1s encoded
by the nucleic acid sequence shown 1n SEQ ID NO 7.

A turther preferred embodiment takes the form of nucleic
acid molecules coding for a protein with the activity of a
GBSSI from wheat, especially preferably a protein with the
activity of a GBSSI which has the amino acid sequence shown
in SEQ ID NO 10 or 1s encoded by the nucleic acid sequence
shown 1 SEQ ID NO 9.

A Tfurther preferred embodiment takes the form of nucleic
acid molecules coding for a protein with the activity of the
GBSSI from maize, especially preferably a protein with the
activity of a GBSSI which has the amino acid sequence shown
in SEQ ID NO 12 or 1s encoded by the nucleic acid sequence
shown in SEQ ID NO 11.
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In a further embodiment, the plant cells and plants accord-
ing to the ivention are homozygous for the waxy mutation(s)
and thus synthesize a starch whose apparent amylose content
1s less than 5% by weight.

In the context of the present invention, the term “homozy-
gous for the waxy mutation(s)” 1s understood as meaning that
the plant breeds true for the non-functional GBSSI genes. To
the skilled worker, homozygosis means that, within the
hereditary material of a cell, all alleles regarding a particular
trait are 1dentical, that1s to say two or more 1dentical copies of
a certain gene are present on the two chromatids of a chro-
mosome, which chromatids comprise the gene. They are
homozygous (=breed true) for this gene and, when selfed,
pass on the trait in question to all progeny. The skilled worker
knows that polyploid plants such as, for example, wheat may,
under certain circumstances, require three non-functional
GBSSI alleles (on the subgenomes A, B and D) in homozy-
gous form in order to manifest the waxy phenotype.

The foreign nucleic acid molecules introduced, for the
purposes ol genetic modification, mto the plant cells or plant
which mamfest the waxy phenotype may take the form of a
single nucleic acid molecule or more nucleic acid molecules.
They may take the form of nucleic acid molecules which
comprise nucleic acid sequences which code for a protein
with the activity of a glucan, water dikinase and nucleic acid
sequences which code for a protein with the activity of a
starch synthase II, but also nucleic acid molecules 1n which
the nucleic acid sequences which code for a protein with the
activity of a glucan, water dikinase and the nucleic acid
sequences which code for a protein with the activity of a
starch synthase II are present on different nucleic acid mol-
ecules. For example, the nucleic acid sequences which code
for a protein with the activity of a glucan, water dikinase and
the nucleic acid sequences which code for a protein with the
activity of a starch synthase Il may be present simultaneously
in a vector, plasmid or 1n linear nucleic acid molecules (“dual
construct”) or else be components of two vectors, plasmids or
linear nucleic acid molecules which are separate 1n each case.

I1 the nucleic acid sequences which code for a protein with
the activity of a glucan, water dikinase and the nucleic acid
sequences which code for a protein with the activity of a
starch synthase II are present in two separate nucleic acid
molecules, they can be mtroduced into the genome of the
plant cell or plant either simultaneously (*‘cotransiformation™)
or ¢lse one after the other, 1.e. with a chronological interval
(“supertransiormation”). The separate nucleic acid mol-
ecules may also be itroduced into different individual plant
cells or plants of a species. Thereby 1t 1s possible to generate
plant cells or plants 1n which the activity of either at least one
protein with the activity of a glucan, water dikinase or else at
least one protein with the activity of a starch synthase II 1s
clevated. Plants according to the mnvention can then be gen-
erated by subsequently hybridizing those plants 1n which the
activity of a protein with the activity of a glucan, water diki-
nase 1s elevated with those 1n which the activity of a protein
with the activity of a starch synthase 11 1s elevated. The param-
cters for the selection of plants which are used for the process
steps 1n question are defined turther below.

In a further embodiment, the waxy phenotype of the plant
cells or plants according to the mvention 1s brought about by
introducing one or more recombinant nucleic acid molecules
suitable for reducing the GBSSI activity.

The foreign nucleic acid molecules introduced, for the
purposes of genetic modification, 1nto the wild-type plant cell
or plant may take the form of a single nucleic acid molecule
or more nucleic acid molecules. They may therefore take the
form of nucleic acid molecules which comprise nucleic acid
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sequences which code for a protein with the activity of a
glucan, water dikinase and the nucleic acid sequences which
code for a protein with the activity of a starch synthase II and
additionally to nucleic acid sequences which are suitable for
inhibiting the activity of the GBSSI activity (triple construct).
Equally, they may also take the form of nucleic acid mol-
ecules 1n which the nucleic acid sequences which code for a
protein with the activity of a glucan, water dikinase and the
nucleic acid sequences which code for a protein with the
activity of a starch synthase II are present on different nucleic
acld molecules, where one or the other of these two nucleic
acid molecules additionally comprises nucleic acid
sequences which are suitable for inhibiting the activity of the
GBSSI activity. Alternatively, they may also take the form of
nucleic acid molecules 1n which the nucleic acid sequences
which code for a protein with the activity of a glucan, water
dikinase and the nucleic acid sequences which code for a
protein with the activity of a starch synthase II are present on

one nucleic acid molecule and the nucleic acid molecules
which are suitable for inlibiting the GBSSI activity are
present on a different nucleic acid molecule (3 variants of one
dual construct and one simple construct).

In a further embodiment, they may also take the form of
three different nucleic acid molecules, where one comprises
nucleic acid sequences which code for a glucan, water diki-
nase protein, another one comprises nucleic acid sequences
coding for a starch synthase II and a further one comprises
nucleic acid sequences which are suitable for inhibiting the
GBSSI activity (3 simple constructs).

The nucleic acid molecules which are suitable for gener-
ating the plant cells or plants according to the invention may
be present for example 1n a vector, plasmid or 1n linear nucleic
acid molecules.

I1 the constructs to be used for the generation of plant cells
or plants according to the invention are present in two or three
separate nucleic acid molecules, they can be mtroduced 1nto
the genome of the plant cell or plant either simultaneously
(“‘cotransformation”) or else one after the other, 1.e. with a
chronological interval (“supertransformation’). The separate
nucleic acid molecules may also be introduced 1nto different
individual plant cells or plants of a species. Thereby 1t 1s
possible to generate plant cells or plants 1n which the activity
of erther at least one protein with the activity of a glucan,
water dikinase and/or at least one protein with the activity of
a starch synthase Il 1s elevated and/or at least one protein with
the activity of a GBSSI activity 1s reduced to such an extent
that the starch synthetized by the plant cells or plants has
apparent amylose content of less than 5% by weight. Plants
according to the mvention can then be generated by subse-
quently hybridizing the plants.

Furthermore, 1t 1s also possible to generate plants 1n which
the activity of at least one protein with the (enzymatic) activ-
ity of a GBSSI 1s reduced to such an extent that the starch
synthetized by the plant cells or plants has an apparent amy-
lose content of less than 5% by weight and which, in a further
step, by crossing with plants in which the activity of at least
one protein with the activity of a starch synthase 111s elevated,
leads to plant cells or plants according to the invention.

In the event that one or more nucleic acid molecules which
comprise nucleic acid sequences suitable for increasing the
activity of at least one protein with the activity of a glucan,
water dikinase and/or of a starch synthase 11 in the plant cells
and reducing the activity of a GBSSI in the plant cells to such
an extent that the starch synthetized by the cells has an appar-
ent amylose content of less than 5%, are itroduced 1nto the
genome of the plant cells in one methodological step/simul-
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taneously, the plants according to the invention may be
selected directly among the plants to which the transforma-
tion gives rise.

In a further embodiment, the plant cells according to the
invention and the plants according to the mvention comprise
that at least one foreign nucleic acid molecule codes for a
protein with the activity of a starch synthase II and a second
foreign nucleic acid molecule codes for a protein with the
activity of a glucan, water dikinase. In a further embodiment,
the plant cells according to the invention of the plants accord-
ing to the mvention comprise that a first foreign nucleic acid
molecule codes for a protein with the activity of a glucan,
water dikinase and a second foreign nucleic acid molecule
codes for a protein with the activity of a starch synthase II.

A multiplicity of techmiques 1s available for itroducing
DNA 1nto a plant host cell. These techniques comprise the
transformation of plant cells with T-DNA using Agrobacte-
rium tumefaciens or Agrobacterium rhizogenes as transior-
mation agent, the fusion of protoplasts, the injection, the
clectroporation of DNA, the imtroduction of the DNA by
means of the biolistic approach, and other possibilities.

The use of the agrobacteria-mediated transformation of
plant cells has been studied intensively and has been
described, inter alia, in EP 120516; Hoekema (In: The Binary
Plant Vector System, Offsetdrukker1j Kanters B. V. Alblasser-
dam (19835), Chapter V); Fraley et al., Crit. Rev. Plant Sci. 4:
1-46) and by An et al. (1985, EMBO 1. 4: 277-287).

The transformation of monocotyledonous plants by means

ol vectors based on Agrobacterium transformation has also
been described (Chan et al. 1993, Plant Mol. Biol. 22: 491-

506; Hiei et al., 1994, Plant J. 6, 271-282; Deng et al, 1990,
Science 1n China 33: 28-34; Wilmink et al., 1992, Plant Cell
Reports 11: 76-80; May et al., 1993, Bio/Technology 13:
486-492: Conner and Domisse, 1992, Int. J. Plant Sci1. 153:
550-355; Ritchie et al, 1993, Transgenic Res. 2: 252-263).
Alternative methods for the transformation of monocotyle-

donous plants are the transformation by means of the biolistic
approach (Wan and Lemaux, 1994, Plant Physiol. 104: 37-48;

Vasil et al., 1993, Bio/Technology 11: 1553-1538; Ritala et
al., 1994, Plant Mol. Biol. 24: 317-325; Spencer et al., 1990,
Theor. Appl. Genet. 79: 625-631), the transformation of pro-
toplasts, the electroporation of partially permeabilized cells
or the mtroduction of DNA by means of glass fibers. The

transformation of maize, i particular, 1s described repeatedly
in the literature (ci., for example, W0O95/06128, EP0513849,

EP0465875, EP02924335; Fromm et al., 1990, Biotechnology
8: 833-844: Gordon-Kamm et al., 1990, Plant Cell 2: 603-
618; Koziel et al., 1993, Biotechnology 11: 194-200; Moroc
et al., 1990, Theor. Appl. Genet. 80: 721-726).

This successiul transformation of other cereal species has
also been described, for example in the case of barley (Wan
and Lemaux, s.0.; Ritalaetal., s.0.; Krens et al., 1982, Nature
296:72-74)and wheat (Nehraetal., 1994, Plant J. 5: 285-297;
Becker et al., 1994, Plant Journal 5: 299-307). All the above
methods are suitable within the scope of the present inven-
tion.

Plant cells and plants whose starch has an amylose content
of less than 5% by weight and which are genetically modified
as the result of the introduction of a gene coding for a protein
with the activity of a glucan, water dikinase and/or a gene
coding for a protein with the activity of a starch synthase 11
can be distinguished from wild-type plant cells, or wild-type
plants, inter alia by the fact that they comprise at least one
toreign nucleic acid molecule which does not occur naturally
in wild-type plant cells, or wild-type plants, or by the fact that
such a molecule 1s present at a location 1n the genome of the
plant cell according to the invention or 1n the genome of the
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plant according to the 1nvention at which 1t does not occur 1n
wild-type plant cells, or wild-type plants, 1.e. 1n a different
genomic environment. Furthermore, such plant cells accord-
ing to the mnvention or plants according to the invention can be
distinguished from wild-type plant cells, or wild-type plants,
by the fact that they comprise at least one copy of the foreign
nucleic acid molecule stably integrated in their genome, 1
appropriate additionally to copies of such a molecule which
are naturally present in the wild-type plant cells, or wild-type
plants. I the foreign nucleic acid molecule(s) which has been
introduced into the plant cells according to the imvention or
plants according to the invention takes the form of additional
copies, besides molecules which naturally occur 1n the wild-
type plant cells, or wild-type plants, the plant cells according
to the invention and the plants according to the invention can
be distinguished from wild-type plant cells, or wild-type
plants, in particular by the fact that this additional copy, or
these additional copies, 1s/are located at locations in the
genome where 1t does not occur, or they do not occur, 1n
wild-type plant cells or wild-type plants. This can be verified
for example with the aid of a Southern blot analysis.

The plant cells according to the mvention or the plants
according to the mnvention can furthermore be preferably
distinguished from wild-type plant cells, or wild-type plants,
by at least one of the following features: 1f a foreign nucleic
acid molecule which has been troduced 1s heterologous
with regard to the plant cell or plant, then the plant cells
according to the mvention, or plants according to the mven-
tion, comprise transcripts o the nucleic acid molecules which
have been introduced. These transcripts can be detected for
example by Northern blot analysis or by RT-PCR (reverse
transcription polymerase chain reaction).

Plant cells according to the mnvention or plants according to
the mvention which express an antisense transcript and/or an
RINAI1 transcript can be detected for example with the aid of
specific nucleic acid probes which are complementary to the
RINA which codes for the protein (and which occurs naturally
in the plant cell). Preferably, the plant cells according to the
invention and the plants according to the imvention comprise
a protein which 1s encoded by a nucleic acid molecule which
has been introduced. This protein can be detected for example
by immunological methods, 1n particular by Western blot
analysis.

Preferably, the plant cells according to the invention or the
plants according to the invention comprise a protein which 1s
encoded by a nucleic acid molecule which has been 1ntro-
duced. This protein can be detected for example by immuno-
logical methods, 1n particular by Western blot analysis.

If a foreign nucleic acid molecule which has been 1ntro-
duced 1s homologous with regard to the plant cell or plant,
then the plant cells according to the imnvention, or the plants
according to the mvention, can be distinguished from wild-
type plant cells, or wild-type plants, for example on the basis
of the additional expression of the foreign nucleic acid mol-
ecules which have been introduced. The plant cells according
to the invention and the plants according to the invention
preferably comprise transcripts of the foreign nucleic acid
molecules. This can be detected for example by Northern blot
analysis or with the aid of what 1s known as quantitative PCR.

A Turther subject matter of the present invention relates to
genetically modified monocotyledonous plant cells or geneti-
cally modified monocotyledonous plants which synthetize a
modified starch in comparison with starch 1solated from cor-
responding, not genetically modified wild-type plant cells, or
1solated from corresponding not genetically modified wild-

type plants.
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The invention furthermore relates to genetically modified
monocotyledonous plants which comprise plant cells accord-
ing to the invention. Such plants can be generated from plant
cells according to the invention by means of regeneration.

The plants according to the mvention may, in principle,
take the form of any monocotyledonous plants. Preferably,
they take the form of monocotyledonous crop plants, 1.c.
plants which are grown by man for the purposes of nutrition
or for technical, 1n particular industrial, purposes.

In a further embodiment, the plants according to the mnven-
tion take the form of starch-storing monocotyledonous
plants, or the plant cells according to the invention are derived
from a starch-storing plant.

In the context of the present invention, the term “starch-
storing plant” means all plants with plant parts which com-
prise a storage starch such as, for example, maize, rice, wheat,
rye, oats, barley, sago, taro and millet/sorghum.

In a preferred embodiment, the present invention relates to
monocotyledonous plants of the (systematic) family Poaceae.
These plants particularly preferably take the form of rice,
maize or wheat plants. These plants very particularly prefer-
ably take the form of rice plants.

In the context of the present invention, the term “wheat
plants” means plant species of the genus Triticum or plants
which have originated from crosses with plants of the genus
Triticum, particularly plant species of the genus Triticum
which are grown 1n agriculture for commercial purposes, or
plants which have originated from crosses with plants of
genus Iriticum, with Triticum aestivum being especially pre-
ferred.

In the context of the present invention, the term “maize
plants” means plant species of the genus Zea, particularly
plant species of the genus Zea, which are grown 1n agriculture
for commercial purposes, particularly preferably Zea mays.

In the context of the present invention, the term “rice plant™
means plant species of the genus Oryza, particularly plant
species of the genus Oryza, which are grown 1n agriculture for
commercial purposes, particularly preterably Oryza sativa.

The present invention also relates to propagation material
of monocotyledonous plants comprising genetically modi-
fied plant cells.

Here, the term “‘propagation material” comprises those
parts of the plant which are suitable for generating progeny
via the vegetative or sexual route. Examples which are suit-
able for vegetative propagation are cuttings, callus cultures,
rhizomes or tubers. Other propagation material comprises for
example fruits, seeds, seedlings, protoplasts, cell cultures and
the like.

In a further embodiment, the present invention relates to
plant parts capable of being harvested of plants according to
the invention such as fruits, storage roots, roots, flowers, buds,
shoots or stems, preferably seeds or kernels, these parts which
are capable of being harvested comprising plant cells accord-
ing to the mvention.

In a further embodiment, the genetically modified mono-
cotyledonous plant cells according to the invention are dis-
tinguished by the fact that they synthesize a (waxy) starch
with elevated hot-water swelling power and an amylose con-
tent of less than 5% by weight.

In a preferred embodiment, the genetically modified
monocotyledonous plant cell 1s distinguished by the fact that
it comprises a waxy starch with an elevated hot-water swell-
ing power of between 60 to 100 g/g.

Particularly preferred in this context 1s a hot-water swelling
power of between 70 and 95 g/g, very particularly preferred of
between 80 and 95 g/g and extraordinarily preferred of
between 80 and 90 g/g.

10

15

20

25

30

35

40

45

50

55

60

65

24

A Turther subject matter of the present invention relates to
a method of generating a genetically modified monocotyle-
donous plant, where
a) a plant cell 1s genetically modified, the genetic modifica-
tion comprising the following steps 1 to 111:

1) introduction, nto the plant cell, of a genetic modifica-
tion, where the genetic modification leads to an increase
in the activity of a protein with the activity of a starch
synthase II in comparison with corresponding not
genetically modified wild-type plant cells,

11) introduction, mto the plant cell, of a genetic modifica-
tion, where the genetic modification leads to an increase
in the activity of a protein with the activity of a glucan,
water dikinase 1 comparison with corresponding not
genetically modified wild-type plant cells,

111) 1ntroduction, into the plant cell, of a genetic modifica-
tion, where the genetic modification leads to a reduction
in the activity of a protein with the activity of a GBSSI 1n
comparison with corresponding not genetically modi-
fied wild-type plant cells,

where steps 1 to 111 can be carried out 1n any desired sequence,
individually or simultaneously as any desired combination of
steps 1 to 111,

b) a plant 1s regenerated from plant cells of step a);

c) if appropnate, further plants are generated with the aid of
the plants of step b), where, 1 appropriate, plant cells are
1solated from plants 1n accordance with steps b) or ¢) and the
method steps a) to ¢) are repeated until a plant has been
generated which has an increased activity of a protein with the
activity of a starch synthase II 1n comparison with corre-
sponding not genetically modified wild-type plant cells and
reduced activity of a protein with the activity of a glucan,
water dikinase 1n comparison with corresponding not geneti-
cally modified wild-type plant cells and reduced activity of a
protein with the activity of a GBSSI in comparison with
corresponding not genetically modified wild-type plant cells.

The present invention furthermore also relates to a method
of generating a genetically modified plant, 1n which a plant
cell whose starch has an amylose content of less than 5% by
weight 1s genetically modified, where genetic modification
comprises the following steps a) and b) in any desired
sequence, individually or simultaneously:

a) introduction, mnto the plant cell, of a genetic modifica-
tion, where the genetic modification leads to an increase
in the activity of a protein with the activity of a starch
synthase II in comparison with corresponding not
genetically modified wild-type plant cells,

b) introduction, into the plant cell, of a genetic modifica-
tion, where the genetic modification leads to an increase
in the activity of a protein with the activity of a glucan,
water dikinase 1 comparison with corresponding not
genetically modified wild-type plant cells, and

¢) a plant 1s regenerated from plant cells of step a) and b);

d) 1f appropnate, further plants are generated with the aid
of the plants from steps a) and b),

where, 11 appropriate, plant cells are 1solated from plants
according to step a) or b) and the method steps a) to ¢) are
repeated until a plant has been generated which comprises a
foreign nucleic acid molecule coding for a protein with the
activity of a starch synthase II and a foreign nucleic acid
molecule coding for a protein with the activity of a glucan,
water dikinase.

A preferred subject matter of the present invention relates
to methods of generating a monocotyledonous plant, wherein
a) a plant cell 1s genetically modified, where the genetic
modification comprises the following steps 1 to 111 1n any
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desired sequence, or any desired combinations of the follow-
ing steps 1to 111 are carried out individually or simultaneously

1) mtroduction, mto the plant cell, of a genetic modifica-
tion, where the genetic modification leads to an increase
in the activity of a protein with the activity of a starch
synthase II 1 comparison with corresponding not
genetically modified wild-type plant cells,

11) introduction, 1nto the plant cell, of a genetic modifica-
tion, where the genetic modification leads to an increase
in the activity of a protein with the activity of a glucan,
water dikinase 1 comparison with corresponding not
genetically modified wild-type plant cells,

111) 1introduction, nto the plant cell, of a genetic modifica-
tion, where the genetic modification leads to a reduction
in the activity of a protein with the activity ofa GBSSI 1n
comparison with corresponding not genetically modi-
fied wild-type plant cells,

b) a plant 1s regenerated from plant cells comprising the
genetic modification 1in accordance with steps

1) a) 1
11) a) 11
111) a) 111
1v) a) 1 and a) 11,
v) a)1and a) 11,
vi) a) 11 and a) 111, or
vil) a)1and a) 11 and a) 111
¢) there 1s 1mntroduced, into plant cells from plants 1n accor-
dance with step
1) b) 1, a genetic modification 1n accordance with step a) 11,
1) b)1, a genetic modification in accordance with step a) 111,
111) b) 1, a genetic modification 1n accordance with step a) 11
and simultaneously a genetic modification in accor-
dance with step a) 111,
1v) b) 11, a genetic modification 1n accordance with step a)
1,
v) b) 11, a genetic modification in accordance with step a)
111,
v1) b) 11, a genetic modification 1n accordance with step a)
1 and simultaneously a genetic modification 1n accor-
dance with step a) 111,
vi1) b) 111, a genetic modification i accordance with step a)
1,
vii1) b) 111, a genetic modification 1n accordance with step a)
11,
1X) b) 111, a genetic modification 1n accordance with step a)
1 and simultaneously a genetic modification 1n accor-
dance with step a) 11,
X) b) 1v, a genetic modification 1n accordance with step a)
111,
x1) b) v, a genetic modification in accordance with step a) 11,
or
x11) b) vi, a genetic modification 1n accordance with step a)
1 and the plant 1s regenerated,
d) there 1s introduced, 1nto plant cells of plants 1n accordance
with step
1) ¢) 1, a genetic modification in accordance with step a) 111,
11) ¢) 11, a genetic modification 1n accordance with step a) 11,
111) ¢) 1v, a genetic modification 1n accordance with step a)
111,
1v) ¢) v, a genetic modification in accordance with step a) 11,
v) ¢) vi1, a genetic modification in accordance with step a)
11,
v1) ¢) vi1, a genetic modification 1n accordance with step a)
1, Or
vi1) ¢) 1X, a genetic modification 1n accordance with step a)
11 and a plant 1s regenerated.,
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il appropniate, further plants are generated with the aid of the
plants 1n accordance with one of steps b) vii1, ¢) 111, ¢) vi1, C) X,
C) X1, ¢) X11 or 1n accordance with any of steps d) 1 to d) vii.

The genetic modifications introduced in accordance with
step a) 1nto the plant cell may, 1n principle, take the form of
any type of modification which leads to an increase in the
activity of a protein with the activity of a starch synthase 11
and/or which leads to the increase 1n the activity of a protein
with the activity of a glucan, water dikinase and/or which
leads to the reduction in the activity of a protein with the
activity of a GBSSI.

The regeneration of the plants 1n accordance with steps b)
to €) of the methods according to the invention can be accom-
plished by methods known to the skilled worker (for example
described 1n “Plant Cell Culture Protocols™, 1999, ed. by R.
D. Hall, Humana Press, ISBN 0-89603-549-2).

The generation of further plants of the methods according
to the invention can be accomplished for example by vegeta-
tive propagation (for example via cuttings, tubers or via callus
culture and regeneration of intact plants) or by generative
propagation. Generative propagation prelferably takes place
in a controlled manner, 1.e. selected plants with specific prop-
erties are crossed with each other and propagated. The selec-
tion 1s preferably accomplished in such a way that the further
plants (which are generated, depending on the method, n
accordance with step ¢) or step d) or step e)) have the modi-
fications 1ntroduced 1n the preceding steps.

The parameters for the selection of the plant cells or plants
according to the mvention which can be generated by cross-
ing or by transformation are detailed hereinbelow: 1n the case
where exclusively at least one protein with the activity of a
glucan, water dikinase 1s increased, suitable plants or plant
cells are those which have a phosphate content in the C6
position of the starch of at least 2.5 nmol per mg starch. In the
case where exclusively at least one protein with the activity of
a starch synthase II 1s increased, suitable plants or plant cells
are those which have an SSII activity which 1s increased by at
least a factor of 2 over the SSII activity in the plant cells or
plants which are used for introducing the nucleic acid mol-
ecule(s) according to the invention or used for crossing.

In the case where at least one protein with the activity of a
glucan, water dikinase and at least one protein with the activ-
ity of a starch synthase II are increased, suitable plants or
plant cells are those which have a phosphate content 1n the C6
position of the starch of at least 2.5 nmol per mg starch and
additionally an SSII activity which 1s increased by at least a
factor of 2 over the SSII activity in the plant cells or plants
which are used for introducing the nucleic acid molecule(s)
according to the invention or used for crossing.

in the case where the GBSSI activity 1s reduced, or waxy
mutants are employed, suitable plants are those which have an
apparent amylose content of less than 5% by weight when the
mutation 1s present in homozygous form.

Another suitable selection criterion 1s the level of the starch
phosphate content 1n the C6 position. Plants which are pret-
erably selected are those which comprise the genetic modifi-
cation 1n accordance with step a) and b) and whose starch
phosphate content 1s at least 2.5 nmol C6P/mg starch and
whose starch has an apparent amylose content of less than 5%
by weight.

In the method according to the mnvention for the generation
of genetically modified plants, the genetic modifications for
generating the genetically modified plant cells according to
the mvention can be effected simultaneously or 1n successive
steps. In this context, 1t 1s not critical whether the same
method 1s used for successive genetic modifications which
lead to an increased activity of a protein with the activity of a
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starch synthase II as for the genetic modification which leads
to an increased activity i a protein with the activity of a
glucan, water dikinase and/or for the genetic modification
which leads to areduced activity of a protein with the activity
of a GBSSI.

Various selection criteria may be chosen for selecting the
plants according to the mvention, or those plants which are
used for further modifications.

In a further embodiment of the method according to the
invention for the generation of a genetically modified plant,
step ¢) 1s Tollowed by a method step ¢)-1, 1n which plants are
selected whose starch has an apparent amylose content of less
than 5% by weight and an increased activity 1n a protein with
the activity of a starch synthase II 1n accordance with step a))
and/or has an increased activity of a protein with the activity
of a glucan, water dikinase in accordance with step ai). The
selected plants are then used for the further method steps.

In a further embodiment of the method according to the
invention for the generation of a genetically modified plant
according to the invention, at least one foreign nucleic acid
molecule codes for a protein with the activity of a glucan,
water dikinase from potato, wheat, rice, maize, soybean, cit-
rus, Curcuma or Avabidopsis. Preferably, at least one foreign
nucleic acid molecule codes for a protein with the activity of
a glucan, water dikinase from potato and especially prefer-
ably for a protein which has the amino acid sequence shown
in SEQ ID NO 2 or which 1s encoded by the nucleic acid
sequence shown 1n SEQ ID NO 1. References for nucleic acid
sequences coding for proteins with the activity of a glucan,
water dikinase from the abovementioned plants have already
been detailed further above.

In a further embodiment of the method according to the
invention for generating a genetically modified plant accord-
ing to the invention, at least one foreign nucleic acid molecule
codes for a protein with the activity of a starch synthase 11
from wheat, barley, Aegilops, rice, maize, cassava, bean,
potato, pea, sweet potato, Arabidopsis, taro, Ostreococcus or
Chlamydomonas. Preferably, at least one foreign nucleic acid
molecule codes for a protein with the activity of a starch
synthase II from wheat, 1n particular Seq ID No 3. References
for nucleic acid sequences coding for proteins with the activ-
ity of a starch synthase II from the abovementioned plants
have already been detailed further above.

As already described above for foreign nucleic acid mol-
ecules introduced 1nto a plant cell or plant for the purposes of
genetic modification, the nucleic acid molecule(s) 1n step a)
of the method according to the invention for the generation of
a genetically modified plant whose starch has an amylose
content of less than 5% by weight may take the form of a
single nucleic acid molecule or a plurality of nucleic acid
molecules. Thus, the foreign nucleic acid molecules coding,
for a protein with the activity of a starch synthase II, or coding
for a protein with the activity of a glucan, water dikinase, may
be present together on a single nucleic acid molecule or else
they may be present 1n separate nucleic acid molecules. It the
nucleic acid molecules coding for a protein with the activity
of a starch synthase II and coding for a protein with the
activity of a glucan, water dikinase are present in a plurality of
nucleic acid molecules, these nucleic acid molecules may be
introduced into a plant cell either simultaneously or 1n suc-
cessive steps.

In a further embodiment of the method according to the
invention for the generation of a genetically modified plant
according to the invention, at least one foreign nucleic acid
molecule codes for a protein with the activity of a GBSSI
from a monocotyledonous plant, preferably from rice, wheat,
barley, maize, Aegilops, sorghum or oats.
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Reterences for the abovementioned nucleic acid sequences
coding for proteins with the activity of a GBSSI from the
abovementioned plants have already been detailed further
above.

Preferably, at least one foreign nucleic acid molecule codes
for a protein with the activity of a GBSSI from rice and
especially preferably for a protein which 1s encoded by the
nucleic acid sequence shown in SEQ ID NO 7 or by the amino
acid sequence shown in SEQ ID NO 8.

In a further preferred embodiment, at least one foreign
nucleic acid molecule codes for a protein with the activity of
a GBSSI from wheat and especially preferably for a protein
which 1s encoded by the amino acid sequence shown 1n SEQ)
ID NO 9 or shown 1n SEQ ID NO 10.

In a further preferred embodiment, at least one foreign
nucleic acid molecule codes for a protein with the activity of
a GBSSI from maize and especially preferably for a protein
which 1s encoded by the nucleic acid sequence shown in SEQ
ID NO 11 or by the amino acid sequence shown in SEQ 1D
NO 12.

Here, the foreign nucleic acid molecule brings about the
inhibition of the activity of a GBSS I and thus the synthesis of
a starch with an amylose content of less than 5% by weight.
What has been said above regarding the use of the nucleic
acids 1 question for the generation of plant cells or plants
according to the invention also applies here analogously.

The foreign nucleic acid molecule(s) used for the genetic
modification may take the form of one combined or of a
plurality of separate nucleic acid constructs, 1n particular of
what are known as simple, dual or triple constructs. Thus, the
foreign nucleic acid molecule may be what 1s known as a
“triple construct”, which 1s understood as meaning a single
vector for the transformation of plants which comprises not
only the genetic information for inhibiting the expression of
an endogenous GBSSI gene, but also the information for the
overexpression ol one or more SSII genes and for the over-
expression of one or more GWD genes.

A basic principle 1n the construction of the foreign nucleic
acid molecules for inhibiting the GBSSI activity 1s the use of
antisense, cosuppression, ribozyme and double-stranded
RNA constructs and of sense constructs, which use leads to a
reduction 1n the expression of endogenous genes which code
tor GBSSI and which leads to a simultaneous increase 1n the
activity of the proteins with the activities of an SSII and/or of
a GWD.

In this context, the foreign nucleic acid molecules may be
introduced into the genome of the plant cell either simulta-
neously (“cotransiformation’) or else one after the other, 1.e. in
chronological succession (“supertransformation’).

The fore1gn nucleic acid molecules may also be introduced
into different individual plants of one species. In this way, 1t 1s
possible to generate plants in which the activity of a protein
with the activity of a GBSSI 1s reduced and/or the activity of
a protein with the activity of an SSII or GWD 1s increased.
Subsequently, crosses may then be made to generate plants 1n
which the activity of a protein with the activity of a GBSSI 1s
reduced and the activity of a protein with the activity of an
SSII and a GWD 1s increased.

In the context of the present invention, the term “i1dentity”™
1s understood as meaning the number of amino acids/nucle-
otides which agree (1denftity) with other proteins/nucleic
acids, expressed in percent.

Preferably, the identity regarding a protein with the activity
of a starch synthase II 1s determined by comparing the amino
acid sequences detailed under SEQ ID NO 4 or SEQ ID NO
6, or the identity regarding a nucleic acid molecule coding for
a protein with the activity of a starch synthase 11 by comparing
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the nucleic acid sequences detailed under SEQ ID NO 3 or
SEQ ID NO 3, and the 1dentity regarding a protein with the
activity of a glucan, water dikinase by comparing the amino
acid sequence detailed 1n SEQ ID NO 2, or the identity
regarding a nucleic acid molecule coding for a protein with
the activity of a glucan, water dikinase by comparing the

nucleic acid sequence detailed in SEQ ID NO 1, and the
identity regarding a nucleic acid molecule coding for a pro-
tein with the activity of a GBSSI by comparing the nucleic
acid sequences detailed in SEQ ID NO 7 or SEQ ID NO 9 or
SEQ ID NO 11, or the amino acid sequences detailed in SEQ

ID NO 8 or SEQ ID NO 10 or SEQ ID NO 12, with other

proteins/nucleic acids with the aid of computer programs.

If sequences which are compared with each other are diif-
terent 1n length, the 1dentity 1s to be determined 1n such a way
that the number of amino acids/nucleotides which the shorter
sequence shares with the longer sequence determines the
percentage 1dentity. The identity 1s preferably determined by
means of known computer programmes which are publicly
available such as, for example, ClustalW (Thompson et al.,
Nucleic Acids Research 22 (1994), 4673-4680). Clustal W 1s
made  publicly available by  Julie  Thompson
(Thompson@EMBL-Heidelberg. DE) and Toby Gibson
(Gibson@EMBL-Heidelberg.DE), European Molecular
Biology Laboratory, Meyerhoistrasse 1, D 69117 Heidelberg,
Germany. ClustalW can likewise be downloaded from vari-
ous internet pages, inter alia the IGBMC (Institut de Geneét-
ique et de Biologie Moléculaire et Cellulaire, B.P.163, 67404
Illkirch Cedex, France; itp://ftp-1igbmc.u-strasbg.ir/pub/) and
the EBI (itp://1tp.ebi.ac.uk/pub/software/) and all mirrored
EBI internet pages (European Bioimnformatics Institute,
Wellcome Trust Genome Campus, Hinxton, Cambridge
CB10 18D, UK).

To determine the identity between proteins described
within the scope of the present invention and other proteins, it
1s preferred to employ the Clustal W computer program ver-
sion 1.8. The following parameters are to be set: KTUPLE=1,
TOPDIAG=5, WINDOW=3, PAIRGAP=3, GAPOPEN=10,
GAP_,XT_JND 0.05, GAPDIST 8, MAXDIV=40,
MATRIX=GONNET, ENDGAPS(OFF), NOPGAP,
NOHGAP.

To determine the 1dentity between for example the nucle-
otide sequence of the nucleic acid molecules described within
the scope of the present mmvention and the nucleotide
sequence ol other nucleic acid molecules, 1t 1s preferred to
employ the ClustalW computer program version 1.8. The
following parameters are to be set: KTUPLE=2, TOPDI-
AGS=4, PAIRGAP=5, DNAMATRIX:IUB, GAPOPEN=10,
GAPEXT=5, MAXDIV=40, TRANSITIONS: unweighted.

Identity furthermore means that functional and/or struc-
tural equivalence exists between the nucleic acid molecules in
question or the proteins encoded by them. The nucleic acid
molecules which are homologous to the above-described
molecules and which are derivatives of these molecules will,
as a rule, take the form of variations to these molecules which
are modifications with the same biological function. They
may take the form of naturally occurring variations, for
example sequences from other species or else of mutations,
where 1t 1s possible that these mutations have occurred natu-
rally or else have been itroduced by specific mutagenesis.
Furthermore, the variations may take the form of syntheti-
cally generated sequences. The allelic variants may take the
form of naturally occurring variants or else of synthetically
generated variants or variants which have been generated by
recombinant DNA technology. A specific form of derivatives
are for example nucleic acid molecules which deviate from
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the nucleic acid molecules described within the scope of the
present invention as the result of the degeneracy of the genetic
code.

Within the scope of the present invention, the term “hybrid-
1zation” means hybridization under traditional hybridization
conditions, preferably under stringent conditions as are
described for example in Sambrook et al., (Molecular Clon-

ing, A Laboratory Manual, 3rd edition (2001) Cold Spring
Harbour Laboratory Press, Cold Spring Harbour, N.Y.; ISBN:
0879695773). Particularly preferably, “to hybridize” means
hybridization under the following conditions:

Hybridization Builer:

2xSSC; 10xDenhardt solution (Ficoll 400+PEG+BSA; ratio
1:1:1); 0.1% SDS; 5 mM

EDTA; 50 mM Na2HPO4; 250 ug/ml herring sperm DNA; 50
ug/ml tRNA; or

25 M sodium phosphate butfer pH 7.2; 1 mM EDTA; 7% SDS
Hybridization Temperature:

1=65 to 68° C.

Wash butfer: 0.1xSSC; 0.1% SDS

Wash temperature: 1= 65 to 68° C.

Nucleic acid molecules which hybridize with the above-
mentioned molecules can be 1solated for example from
genomic libraries or from cDNA libraries. The 1dentification
and 1solation of such nucleic acid molecules may be accom-
plished using the abovementioned nucleic acid molecules or
parts of these molecules, or using the reverse complements of
these molecules, for example by means of hybridization by
standard methods, or by amplification by means of PCR.

Hybrnidization probes which can be used for 1solating a
nucleic acid sequence coding for a protein with the activity of
a starch synthase II or with the activity of a glucan, water
dikinase or with the activity of a GBSSI are, for example,
nucleic acid molecules with exactly the nucleotide sequences,
or essentially the nucleotide sequences, detailed 1n SEQ ID

NO 3 or SEQ ID NO 3 (starch synthase II) or in SEQ 1D NO
1 (glucan, water dikinase) or in SEQ ID NO 7, 9 or 11
(GBSSI), or parts of these sequences.

The fragments used as hybridization probe may also take
the form of synthetic fragments or oligonucleotides which
have been generated with the aid of the customary synthetic
techniques and whose sequence agrees essentially with that
of a nucleic acid molecule described within the scope of the
present invention. When genes which hybridize with the
nucleic acid sequences described within the scope of the
present invention have been identified and 1solated, a deter-
mination of the sequence and an analysis of the characteris-
tics ol the proteins encoded by this sequence should be carried
out to verily that they are proteins with the activity of a starch
synthase II or the activity of a glucan, water dikinase or the
activity of a GBSSI, respectively.

The molecules which hybridize with the nucleic acid mol-
ecules described within the scope of the present invention
comprise 1n particular fragments, derivatives and allelic vari-
ants of the abovementioned nucleic acid molecules. In the
context of the present invention, the term “denvative” means
that the sequences of these molecules differ from the
sequences of the above-described nucleic acid molecules at
one or more positions and that they have a high degree of
identity with these sequences. The deviations from the above-
described nucleic acid molecules may have been generated
for example by deletion, addition, substitution, 1nsertion or
recombination.

To express nucleic acid molecules according to the iven-
tion which code for a protein with the activity of starch
synthase II and/or a protein with the activity of a glucan, water
dikinase and/or a protein with the activity of a GBSSI, these
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molecules are preferably linked with regulatory DNA
sequences which ensure transcription in plant cells. These
include in particular promoters. In general, any promoter
which 1s active in plant cells 1s suitable for expression.

The promoter may be selected 1n such a way that expres-
s10on takes place constitutively or else only 1n a certain tissue,
at a certain point 1n time of plant development or at a point 1n
time determined by external factors. The promoter may be
homologous or heterologous both with regard to the plant and
with regard to the nucleic acid molecule.

Examples of suitable promoters are the 35S RNA promoter
of the Cauliflower Mosaic Virus and the maize ubiquitin
promoter, the rice ubiquitin promoter (Liu et al., Plant Sci-
ence 165, (2003), the rice actin promoter (Zhang, et al., Plant
Cell 3:1150-1160, 1991), the Cassava Vein Mosaic Virus
(CVMYV) promoter (Verdaguer et. al., Plant Mol. Biol. 31:
1129-1139), the maize histone H,C4 promoter (U.S. Pat. No.
6,750,378) or the Cestrum YLCV promoter (Yellow Leaf
Curling Virus; WO 01 73087; Stavolone et al., 2003, Plant
Mol. Biol. 53, 703-713) for the purposes ol constitutive
expression. A promoter which ensures expression only 1n
photosynthetically active tissues may also be used, for
example the ST-LS1 promoter (Stockhaus et al., Proc. Natl.
Acad. Sci1. USA 1987, 84: 7943-7947; Stockhaus et al.,
EMBO J. 1989, 8: 2445-2451), or for endosperm-speciiic
expression, the wheat HMW promoter, the Vicia faba USP
promoter (Fiedler et al., 1993, Plant Mol. Biol. 22: 669-679;
Baumlein et al., 1991, Mol. Gen. Genet. 225: 459-467), the
bean phaseolin promoter, promoters of zein genes from maize
(Pedersen et al., 1982, Cell 29: 1015-1026; Quatroccio et al.,
1990, Plant Mol. Biol. 15: 81-93), a glutelin promoter (Leisy
ct al., 1990, Plant Mol. Biol. 14: 41-30; Zheng et al., 1993,
Plant J. 4: 357-366; Yoshihara et al., 1996, FEBS Lett. 383:
213-218), a globulin promoter (Nakase et al., 1996, Gene
170(2): 223-226), a prolamin promoter (Qu and Takaiwa,
2004, Plant Biotechnology Journal 2(2): 113-125). However,
it 15 also possible to use promoters which are activated only at
a point 1n time which 1s determined by external factors (see,
for example, WO 93/07279). Promoters which are also of
interest may be promoters of heat-shock proteins, which can
make simple induction possible. Furthermore, 1t 1s possible to
use seed-specific promoters, such as, for example, the Vicia
faba USP promoter (see above).

A termination sequence (polyandenylation signal) may
also be present; this serves to add a poly-A tail to the tran-
script. The poly-A tail 1s assumed to have a function 1n the
stabilization of the transcripts. Such elements are described in
the literature (ct. Gielen et al., 1989, EMBO I. 8: 23-29) and
may be exchanged as desired.

It 1s also possible for intron sequences to be present
between the promoter and the coding region. Such intron
sequences may lead to the stability of the expression and to an

increased expression in plants (Callis et al., 1987, Genes
Devel. 1: 1183-1200:; Luehrsen and Walbot 1991, Mol. Gen.

Genet. 225: 81-93; Rethmeiler et al. 1997, Plant Journal.
12(4): 895-899; Rose and Beliakoit 2000, Plant Physiol. 122
(2): 535-542; Vasil et al., 1989, Plant Phys1ol. 91: 1575-1579;
Xu et al. 2003, Science 1 China Series C Vol. 46(6): 561-
569). Examples of suitable intron sequences are the first
intron of the maize shl gene, the first intron of the maize
poly-ubiquitin gene 1, the first intron of the rice EPSPS gene,
or one of the first two introns of the Arabidopsis PAT1 gene.

A turther embodiment of the present invention relates to a
method of generating a genetically modified monocotyledon-
ous plant according to the invention, wheremn a plant cell
whose starch has an apparent amylose content of less than 5%
by weight

10

15

20

25

30

35

40

45

50

55

60

65

32

a) 1s genetically modified, where the genetic modification
leads to an increase 1n the activity of a protein with the activity
of a starch synthase II in comparison with corresponding not
genetically modified wild-type plant cells;

b) a plant 1s regenerated from plant cells of step a);

c) if appropnate, further plants are generated with the aid of
the plants 1n accordance with step b), and

d) plants obtained in accordance with step b) or ¢) are crossed
with a plant which shows an increase 1n the activity of a
protein with the activity of a glucan, water dikinase in com-
parison with corresponding not genetically modified wild-
type plant cells.

A Turther embodiment of the present invention relates to a
method of generating a genetically modified monocotyledon-
ous plant according to the invention, wherein a plant cell
whose starch has an apparent amylose content of less than 5%
by weight
a) 1s genetically modified, where the genetic modification
leads to an increase 1n the activity of a protein with the activity
of a glucan, water dikinase 1n comparison with corresponding
not genetically modified wild-type plant cells;

b) a plant 1s regenerated from plant cells of step a);

c) if appropnate, further plants are generated with the aid of
the plants 1n accordance with step b), and

d) plants obtained in accordance with step b) or ¢) are crossed
with a plant which shows an increase in the enzymatic activity
of a protein with the activity of a starch synthase II 1n com-
parison with corresponding not genetically modified wild-
type plant cells.

A Turther embodiment of the present invention relates to a
method of generating a genetically modified monocotyledon-
ous plant according to the invention, wherein a plant cell 1s
genetic modified, where
a) 1) the genetic modification leads to an increase in the
activity of a protein with the activity of a glucan, water diki-
nase;

a) 11) a further genetical modification 1s carried out which

leads to an increase 1n the activity of a protein with the activity

of a starch synthase II

in comparison with corresponding not genetically modi-

fied wild-type plant cells; where steps a) 1) and 11) can be
carried out 1n any desired sequence,

b) a plant 1s regenerated from plant cells of step a) 1) and 11);

¢) if appropnate, further plants are generated with the aid of

the plants 1n accordance with step b), and

d) plants obtained in accordance with steps a) to ¢) are crossed

with a plant whose starch thus has an amylose content of less

than 5% by weight 1n comparison with corresponding not

genetically modified wild-type plant cells.

In the three last-mentioned methods of generating a geneti-
cally modified plant, the plants may be genetically modified
in accordance with step a), as already described above. The
regeneration of plants 1n accordance with step b) and the
generation of further plants in accordance with steps ¢) and d)
have also been detailed further above.

A plant which 1s crossed 1n accordance with step d) of the
first two embodiments with plants or progeny of the plants
obtained from step b) or ¢) may be any plant which shows an
increase in the activity of a protein with the activity of a starch
synthase II or an 1ncrease 1n the activity of a protein with the
activity of a glucan, water dikinase in comparison with cor-
responding wild-type plants. The increase 1n the activity of a
protein with the activity of a starch synthase II, or a protein
with the activity of a glucan, water dikinase, may have been
brought about by any modification which leads to an increase
in the activity of the proteins 1n question 1n the corresponding
plants. These plants may take the form of mutants or of plants
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which have been modified by recombinant methods. The
mutants may take the form of spontaneously (naturally)
occurring mutants or else of those which have been generated
by the targeted use of mutagens (such as, for example, chemi-
cal agents, 1onizing radiation) or recombinant methods (for
example transposon activation tagging, T-DNA activation
tagging, 1n vivo mutagenesis).

Plants which are preferably used for crosses 1n the two
last-mentioned methods according to the invention are those
with an activity of a protein with the activity of a starch
synthase 11 which 1s increased by at least 3-fold, preferably
6-1old, preferably atleast 8-fold and particularly preferably at
least 10-fold mm comparison with corresponding genetically
not modified wild-type plants.

Such plants 1n question with an increased activity of a
protein with the activity of a glucan, water dikinase are used
for crosses 1n the two last-mentioned methods according to
the ivention are preferably plants which synthesize a starch
with a starch phosphate content of at least 2.5 nmol C6P/mg,
starch.

In a preferred embodiment, methods according to the
invention are used for generating a genetically modified plant
for generating plants according to the invention or for gener-
ating plants which have the characteristics ol plants according
to the mvention.

The present invention also relates to plants obtainable by
methods according to the invention.

Surprisingly, 1t has been found that plant cells according to
the invention and plants according to the invention whose
starch has an apparent amylose content of less than 5% by
weight and an increase 1n the activity of a protein with the
activity of a starch synthase II and an increase 1n the activity
of a protein with the activity of a glucan, water dikinase
synthetize a modified starch. The fact that starch synthetized
by plant cells according to the invention or plants according to
the invention has an increased hot-water swelling power was
particularly surprisingly. The increased hot-water swelling
power of starches which can be isolated from plant cells
according to the invention and plants according to the mven-
tion 1mparts to the starches according to the invention prop-
erties which make them better suited to certain applications
than traditional starches. If starch 1s employed for example as
a thickener, the increased hot-water swelling power of the
starch means that considerably less starch 1s required for
achieving the same thickening power.

A turther subject matter of the present invention relates to
modified starch with an apparent amylose content of less than
5% by weight and an increased hot-water swelling power. The
hot-water swelling power of modified starch according to the
invention 1s increased preferably by at least the factor 1.5,
particularly preferably by at least the factor 2, especially
preferably by at least the factor 2.5 and very particularly
preferably by at least the factor 3 1n comparison with starch
1solated from corresponding not genetically modified wild-
type plant cells or 1solated from corresponding not geneti-
cally modified wild-type plants.

Methods for determining the hot-water swelling power are
known to the skilled worker and described 1n the literature
(for example Leach et al., 1939, Cereal Chemistry 36: 534-
544). A method to be used by preference in connection with
the present invention for determining the hot-water swelling,
power 1s described further below in “General Methods”™.

A turther subject matter of the present invention relates to
modified starch, 1solated from a monocotyledonous plant cell
or irom a monocotyledonous plant, with an apparent amylose
content of 5% by weight and which has a hot-water swelling
power of from at least 60 g/g, preferably of from 60to 100 g/g,
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particularly preferably of from 70 to 95 g/g, especially prei-
erably of from 80 to 95 g/g and specifically preterably of from
80 to 90 g/g.

A Turther subject matter of the present invention relates to
modified starch, 1solated from rice plant cells or rice plants,
with an apparent amylose content of 5% by weight and a
hot-water swelling power of from at least 60 g/g, preferably of
from 60 to 100 g/g, particularly preferably of from 70 to 95
g/ especially preferably of from 80to 95 g/g and specifically
preferably of from 80 to 90 g/g.

Starch synthetized by genetically modified plant cells
according to the invention or genetically modified plants
according to the invention preferably has an increased content
of phosphate 1n the C6 position of the starch. Here, the starch
phosphate content of starch 1solated from plant cells accord-
ing to the invention and plants according to the invention 1s
markedly higher than the starch phosphate content which
would be expected after making crosses on the basis of the
total of the starch phosphate contents of the parent plants in
question.

The amount of the starch phosphate bound in the C6 posi-
tion of the glucose molecules can be determined by methods
known to the skilled worker, such as, for example, photo-
metrically by means of coupled enzyme assays or by means of
*'P NMR, following the method described by Kasemusuwan
and Jane (1996, Cereal Chemistry 73: 702-707). In the con-
text of the present invention, the amount of starch phosphate
bound 1n the C6 position of the glucose molecules 1s prefer-
ably determined as described 1n “General Methods”.

A Turther preferred subject matter of the present invention
relates to modified starch according to the ivention which
has been 1solated from a monocotyledonous plant cell or from
a monocotyledonous plant and which has a starch phosphate
content bound 1n the C6 position of the glucose molecules of
the starch of at least 1.5 nmol per mg starch, particularly
preferably of at least 2.5 nmol per mg starch. This modified
starch according to the invention particularly preterably takes
the form of maize, rice or wheat starch.

In a further embodiment of the present invention, the modi-
fied starches according to the invention take the form of native
starches.

In the context of the present invention, the term “native
starch” means that the starch 1s 1solated by methods known to
the skilled worker from plants according to the invention,
harvestable plant parts according to the invention, starch-
storing parts according to the invention or plant propagation
material according to the invention.

The present invention also relates to modified starch
according to the invention obtainable from plant cells accord-
ing to the invention or plants according to the invention, from
propagation material according to the invention or from har-
vestable plant parts according to the invention, or obtainable
from plants which have been generated using a method
according to the mvention for generating a genetically modi-
fied plant.

Plant cells or plants which synthetize a modified starch
according to the invention are likewise subject matter of the
present invention.

The present invention furthermore relates to a method of
generating a modified starch comprising the step of extracting
the starch from a plant cell according to the invention or a
plant according to the mvention, from propagation material
according to the mvention of such a plant and/or from har-
vestable plant parts according to the invention of such a plant,
preferably from starch-storing parts according to the mnven-
tion of such a plant. Preferably, such a method also comprises
the step of harvesting the plants or plant parts which have
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been grown and/or the propagation material of these plants
before extracting the starch, and particularly preferably fur-
thermore the step of growing plants according to the invention
before harvesting.

Methods for extracting the starch from plants, or from
starch-storing parts of plants, are known to the skilled worker.
Furthermore, methods for extracting the starch from various
starch-storing plants have been described, for example 1n

Starch: Chemistry and Technology (Ed.: Whistler, BeMiller
and Paschall (1994), 2nd edition, Academic Press Inc. Lon-
don Ltd; ISBN 0-12-7462°70-8; see, for example, chapter XII,

page 412-468: Mais and sorghum starches: production; by
Watson; chapter XIII, page 469-4'79: Tapioca, Arrowroot and
Sago starches: production; by Corbishley and Miller; chapter
X1V, page 479-490: potato starch: production and uses; by
Mitch; chapter XV, page 491 to 506: wheat starch: produc-
tion, modification and uses; by Knight and Oson; and chapter
XVI, page 507 to 528: rice starch: production and uses; by
Rohmer and Klem:; maize starch: Eckholf et al., 1996, Cereal
Chem. 73: 54-57, the extraction of maize starch on the indus-
trial scale 1s generally accomplished by what 1s known as wet
milling). Devices which are usually employed 1n processes
for extracting starch from plant material are separators,
decanters, hydrocyclones, spray dryers and flmdized-bed
dryers.

In the context of the present invention, the term “starch-
storing parts” are understood as meaning those parts of a plant
in which starch, in contrast to transitory leat starch, 1s stored
as areserve for surviving for longer periods. Preferred starch-
storing plant parts are, for example, tubers, storage roots and
grains, particularly preferred are grains comprising an
endosperm, especially preferred are grains comprising an
endosperm from maize, rice or wheat plants.

In a preferred embodiment, methods according to the
invention for preparing a modified starch are used for prepar-
ing a starch according to the invention.

Modified starch obtainable by a process according to the
invention for preparing modified starch 1s also a subject mat-
ter of the present invention.

The use of plant cells according to the invention or plants
according to the mvention for preparing a modified starch 1s
also subject matter of the present invention.

The skilled worker knows that the properties of starch can
be altered for example via thermal, chemical, enzymatic or
mechanical denivatization. Derivatized starches are particu-
larly suitable for a variety of uses in the food and/or nonfood
sector. The starches according to the invention are better
suited as starting material for the preparation of dervatized
starches than conventional starches since they comprise a
higher proportion of reactive functional groups, for example
as a result of the higher starch phosphate content. As the result
ol the increased hot-water swelling power of starches accord-
ing to the invention, the derivatization processes can further-
more be carried out at higher temperatures without the starch
granule structure being damaged to a substantial degree.

The present invention therefore also relates to processes for
preparing a derivatized starch, wherein modified starch
according to the mvention 1s subsequently derivatized. The
present invention furthermore relates to a derivatized starch
prepared by one of the known processes.

In the context of the present invention, the term “deriva-
tized starch” 1s understood as meaning a modified starch
according to the invention whose properties have been altered
with the aid of chemical, enzymatic, thermal or mechanical
processes after the starch has been 1solated from plant cells.
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In another embodiment of the present invention, the deriva-
tized starch according to the mvention 1s heat- and/or acid-
treated starch.

In a further embodiment, the derivatized starches take the
form of starch ethers, 1n particular starch alkyl ethers, O-allyl
cthers, hydroxyl alkyl ethers, O-carboxylmethyl ethers, nitro-
gen-containing starch ethers, phosphate-containing starch
cthers or sulfur-contaiming starch ethers.

In a further embodiment, the derivatized starches take the
form of crosslinked starches.

In a further embodiment, the derivatized starches take the
form of starch graft polymers.

In a further embodiment, the derivatized starches take the
form of oxidized starches.

In a further embodiment, the derivatized starches take the
form of starch esters, in particular starch esters which have
been introduced into the starch using organic acids. They
particularly preferably take the form of what are known as
phosphate starches, nitrate starches, sulfate starches, xanthate
starches, acetate starches or citrate starches.

The dernivatized starches according to the invention are
suitable for a variety of uses in the pharmaceutical industry, 1n
the food sector and/or in the nonfood sector. Methods of
preparing derivatized starches according to the invention are
known to the skilled worker and extensively described 1n the
general literature. A review of the preparation of derivatized
starches 1s found for example in Orthoefer (in Corn, Chem-
1stry and Technology, 1987, eds. Watson and Ramstad, Chap-
ter 16: 479-499).

Dernivatized starch obtainable by the process according to
the invention for preparing a derivatized starch 1s likewise
subject matter of the present invention.

The use of modified starches according to the invention for
the preparation of derivatized starch 1s furthermore subject
matter of the present mnvention.

The present invention also comprises products comprising,
a starch according to the invention.

The present invention also comprises mixtures comprising,
the starch according to the invention.

Starch-storing parts of plants are frequently processed mnto
flours. Examples of parts of plants from which flours are
prepared are, for example, tubers of potato plants and grains
of cereal plants. To prepare tlours from cereal plants, the
endosperm-containing grains of these plants are ground and
sieved. Starch 1s a main constituent of the endosperm. In other
plants which comprise no endosperm, but other starch-storing
parts such as, for example, tubers or roots, tlour 1s frequently
prepared by comminuting, drying and subsequently grinding
the storage organs 1n question. The starch of the endosperm or
present 1n starch-storing parts of plants accounts for a con-
siderable proportion of the flour which 1s prepared from the
plant parts 1n question. The properties of tlours are therefore
also influenced by the starch present in the flour 1n question.
Plant cells according to the invention and plants according to
the invention synthesize an altered starch in comparison with
corresponding not genetically modified wild-type plant cells,
or not genetically modified wild-type plants. Flours prepared
from plant cells according to the invention, plants according
to the invention, propagation material according to the mnven-
tion or harvestable parts according to the invention therefore
have altered properties. The properties of flours may also be
influenced by mixing starch with flours or by mixing flours
with different properties.

A Turther subject matter of the present invention therefore
relates to flours comprising a starch according to the mmven-
tion.
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A turther subject matter of the present invention relates to
flours which can be prepared from plant cells according to the
invention, plants according to the mvention, starch-storing
parts of plants according to the invention, from propagation
material according to the mvention or from harvestable plant
parts according to the invention. Preferred starch-storing
parts of plants according to the invention for the preparation
of tlours are tubers, storage roots and grains which comprise
an endosperm. Particularly preferred in the context of the
present mvention are grains from plants of the (systematic)
tamily Poaceae; especially preferably, grains are obtained
from maize, rice or wheat plants.

In the context of the present invention, the term “flour” 1s
understood as meaning a powder which can be obtained by
egrinding plant parts. If appropniate, plant parts are dried and
sieved prior to grinding.

On account of the starch according to the invention present
in them, flours according to the invention are distinguished by
the fact that they have an increased hot-water swelling power.
This 1s desirable for example 1n the processing of flours 1n the
food industry for a multiplicity of applications, 1n particular
in the production of baked good.

A preferred subject matter of the present invention relates
to tlours prepared from grains of a monocotyledonous waxy
plant, which flours have a hot-water swelling power of at least
25 g/g, preferably of from 25 to 50 g/g, particularly preferably
of from 30t0 45 g/g and especially preferably of from 35 to 45
g/g,

In this context, the determination of the hot-water swelling
power of flours 1s effected analogously to the above-de-
scribed method for determining the hot-water swelling power
for starch, with the difference that flours are employed 1n
place of starch. A preferred method of determining the hot-
water swelling power of flours 1s described 1n “General Meth-
ods”.

A further subject matter of the present invention 1s a pro-
cess for the preparation of flours, comprising the step of
orinding plant cells according to the invention, plants accord-
ing to the invention, parts of plants according to the invention,
starch-storing parts of plants according to the invention,
propagation material according to the mvention or harvest-
able material according to the invention.

Flours can be produced by grinding starch-storing parts of
plants according to the invention. The skilled worker knows
how to produce flours. Preferably, a process for the produc-
tion of flours also comprises the step of harvesting the plants
or plant parts which are grown and/or the propagation mate-
rial and/or the starch-storing parts of these plants before
egrinding, and particularly preferably furthermore the step of
growing plants according to the mvention before harvesting.

Products comprising a flour according to the invention are
likewi1se subject matter of the present invention.

In a further embodiment of the present invention, the pro-
cess for the production of flours comprises the processing of
plants according to the invention, of starch-storing parts of
plants according to the mvention, of propagation material
according to the invention or of harvestable material accord-
ing to the mvention prior to grinding.

In this context, processing may be a heat treatment and/or
a drying step. A heat treatment followed by the drying of the
heat-treated material 1s employed for example 1n the produc-
tion of flours from storage roots or tubers such as, for
example, from potato tubers, before grinding takes place. The
comminution of plants according to the invention, of starch-
storing parts of plants according to the invention, of propa-
gation material according to the ivention or of harvestable
material according to the invention before grinding may like-
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wise constitute processing within the meaning of the present
invention. The removal of plant tissue before grinding, such

as, Tor example, hulling the grains, also constitutes processing
betore grinding within the meaning of the present invention.

In a turther embodiment of the present invention, the pro-
cess for the preparation of flours comprises processing the
mill base after grinding. In this context, the mill base may be
sieved after grinding in order to prepare various types of
tflours.

The present invention also comprises mixtures comprising,
a flour according to the invention.

A Turther subject matter of the present invention 1s the use
of genetically modified plant cells according to the invention,
of plants according to the imnvention, of parts of plants accord-
ing to the mvention, of starch-storing parts of plants accord-
ing to the imvention, of propagation material according to the
invention or of harvestable material according to the mven-
tion for the preparation of tlours.

The disclosure of all documents cited in the patent appli-
cation 1s mtended to be imcorporated 1n the disclosure of the
present description of the mvention.

DESCRIPTION OF THE SEQUENCES

SEQ ID NO 1: Nucleic acid sequence coding for a protein
with the activity of a glucan, water dikinase from Solanum
tuberosum.

SEQ ID NO 2: Amino acid sequence of the protein encoded
by SEQ ID NO 1 with the activity of a glucan, water
dikinase from Solanum tuberosum.

SEQ ID NO 3: Nucleic acid sequence coding for a protein
with the activity of a starch synthase II from Triticum
aestivum.

SEQ ID NO 4: Amino acid sequence of the protein encoded
by SEQ ID NO 3 with the activity of a starch synthase 11
from Triticum aestivum.

SEQ ID NO 5: Nucleic acid sequence coding for a protein
with the activity of a starch synthase II from Oryza sativa.

SEQ ID NO 6: Amino acid sequence of the protein encoded
by SEQ ID NO 5 with the activity of a starch synthase 11
from Oryza sativa.

SEQ ID NO 7: Nucleic acid sequence coding for a protein
with the activity of a GBSS I from Oryza sativa.

SEQ ID NO 8: Amino acid sequence of the protein encoded
by SEQ ID NO 7 with the activity of a GBSS I from Oryza
sativa.

SEQ ID NO 9: Nucleic acid sequence coding for a protein
with the activity of a GBSS I from 7riticum aestivum.

SEQ ID NO 10: Amino acid sequence of the protein encoded
by SEQ ID NO 9 with the activity of a GBSS I from
Iriticum aestivum

SEQ ID NO 11: Nucleic acid sequence coding for a protein
with the activity of a GBSS I from Zea mays.

SEQ ID NO 12: Amino acid sequence of the protein encoded
by SEQ ID NO 11 with the activity of a GBSS I from Zea
mays

General Methods
In the following text, methods will be described which can

be used for carrying out the methods/processes according to
the invention. These methods are specific embodiments of the
present mvention, but do not limit the present mvention to
these methods. The skilled worker knows that he can carry out
the invention 1n the same manner by modilying the methods
described and/or by replacing individual parts of the methods
by alternative parts of methods. The content of all cited pub-
lications 1s incorporated 1nto the description of the applica-
tion by reference.
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1. Transformation and Regeneration of Rice Plants

Rice plants were transformed by the method described by
Hiei et al. (1994, Plant Journal 6(2), 271-282).

The regimen of the rice plants in the greenhouse involved
the following conditions: sowing: substrate: mixture of 100%
sphagnum peat and 100 1 sand/m” and clay: 180 kg/m”in 1.6
1 rose pots (manufacturer: H. Meyer, Germany), pH: 5.4-6.2;
green manure: Hakaphos (Compo, Germany) 14% N-16%
P-18% K+2% Mg; 2 kg/m?*; fertilization: 3.5 g/plant until
flowering: NH,NO; (1.75 g) and Flory 2 basic mixture
(manufacturer: Euflor, Germany): 1.75 g; 3% N-16% P-15%
K+5% Mg.

Temperature: day 28° C./might: 24° C. (16 h/8 h); relative
atmospheric humidity: 85-95%;

Light: 16 h, 350 uEinstein/sxm”

2. Origin o the Sequences and Constructs Used for the Trans-
formation

The sequence T.a.-SS1la from wheat was used for the trans-
formation of rice. It was 1solated and cloned as described 1n
WO 97-45545 (under 1ts then name “pTaSS17).

The transtormation vector used, AH32-191, 1s described in
example 2.

The sequence of a glucan, water dikinase from potato
(R1S5t) was furthermore used. It was 1solated and cloned as
described 1n example 5. The transformation vector used,
pML82, 1s described in WO 05/095619.

The waxy trait was introduced via a suitable mutant which
1s explained 1n example 1.

3. Analysis of the Expression Level of a Gene by Means of
Northern Blot

The expression of a nucleic acid which codes for a protein
was studied by means of Northern blot analysis. To this end,
three 1mmature rice grains (approximately 15 days after
anthesis) were harvested for each individual plant obtained by
means ol transformation and frozen in liquid nitrogen. To
homogenize the material, the frozen rice grains were commi-
nuted for 30 seconds 1n a Retsch mill (model MM300) 1n a
96-well microtiter plate using a 4.5 mm steel ball at a fre-
quency of 30 Hertz. Thereafter, the RNA was 1solated by
means of the Promega RNA extraction kit following the
manufacturer’s instructions (SV 96 Total RNA Isolation Sys-
tem, Order No. Z3505, Promega, Mannheim). The concen-
tration of the RNA 1n the individual samples was determined
by photometrically measuring the absorption at 260 nm.

For each sample, 2 ug of RNA were brought to a uniform
volume and treated with an identical volume of RNA sample
butler (65% (v/v) formamide, 8% formaldehyde, 13% (v/v)
gel buller (see above), 50 ng/ml ethidium bromide). After
heating (10 min, 65° C.) and immediate cooling on ice, the
RINA was separated for approximately 2 hours using a 1.2%
(w/v) agarose gel (20 mM MOPS pH 8.0, 5 mM sodium
acetate, 1 mM EDTA, 6% (v/v) formaldehyde) using RNA
running buifer (20 mM MOPS pH 8.0, 5 mM sodium acetate,
1 mM EDTA) at a constant amperage of 50-80 mA.

Thereafter, the RNA was transierred to a Hybond N mem-
brane by means of diffusion blot using 10xSSC (1.5 M Na(l,
150 mM sodium citrate pH 7.0) and immobilized on the
membrane by means of UV 1rradiation.

The hybridization of the Northern blot for detecting the
expression of a nucleic acid molecule which codes for a
protein with the activity of a starch synthase II from wheat

employed an approx. 1 kb Spel/BspHI fragment of the plas-
mid AH32-191 (bp 4568-5686), which encompasses the 5'

region of the cDNA. The DNA fragment was radiolabeled by
means of the Random Primed DNA Labeling Kit from Roche
(Order No. 1004 760) using **P-alpha-dCTP and following

the manufacturer’s mstructions. The nylon membrane com-
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prising the transferred RNA was incubated for 4 hours at 60°
C. 1n a water bath with hybridization butfer (250 mM sodium

phosphate buifer pH 7.2, 1 mM EDTA, 6% (w/v) SDS, 1%

(w/v) BSA), with gentle shaking, whereupon the radiolabel
DNA was added to the hybridization buifer. After incubation
for 16 hours, the hybridization bufier was removed, and the
membrane was washed 1n succession once with 3xSSC and
once with 2xSSC (see above) at 60° C., with gentle shaking,
to remove unspecifically bound DNA molecules.

To detect labeled RNA, the nylon membrane was autorad-
iographed for one to three days at —70° C. on an x-ray film.
4. Determination of the Activity of a Protein with the Activity
of a Starch Synthase II by Means of Activity Gels (Zymo-
gramim)

The detection of the activity of proteins with the activity of
a starch synthase 1n immature rice grains was performed by
means of activity gels (zymogramms), in which protein
extracts are separated 1n a polyacrylamide gel under native
conditions and subsequently incubated with suitable sub-
strates. The reaction product formed (alpha-glucan) was
stained 1n the gel using Lugol’s solution.

Individual immature rice grains (approx. 15 days after
anthesis) were frozen 1n liquid nitrogen and homogenized 1n
150-200 pl of cold extraction butter (50 mM Tris/HCI pH 7.6,
2.5 mM EDTA, 2 mM DTT, 4 mM PMSE, 0.1% (w/v) gly-
cogen, 10% (v/v) glycerol). After centrifugation (15 muin,
13000 g, 4° C.), the clear supernatant was transierred into a
fresh reaction vessel, and an aliquot of the extract was used
for determining the protein content by the method of Brad-
ford (1976, Anal Biochem 72: 248-254).

The protein extracts were separated by means of continu-
ous 7.5% strength polyacrylamide gel (7.5% acrylamide:
bisacrylamide 37.5:1; 25 mM Tns/HCI pH 7.6, 192 mM
glycine, 0.1% (w/v) APS, 0.05% (v/v) TEMED) using run-
ning buffer 1n single concentration (25 mM Trnis/HCI, 192
mM glycine). For each sample, amounts corresponding to 15
ug of protein were applied 1n each case, and the electrophore-
s1s was run for 2 to 2.5 hours at 4° C.

Thereatter, the gels were incubated overnight at room tem-

perature 1n 15 ml of incubation butter (0.5 mM sodium citrate
pH 7.0, 25 mM potassium acetate, 2 mM EDTA, 2 mM DTT,

0.1% (w/v) amylopectin, 50 mM tricine/NaOH pH 8.5, 1 mM
ADP-glucose), with constant shaking. The starch formed was
stained by means of Lugol’s solution.

To determine by how many times the activity of a protein
with the activity of a starch synthase II is increased in com-
parison with corresponding not genetically modified wild-
type plants, protein extracts from the genetically modified
lines were 1n each case subjected to sequential dilution and
separated by electrophoresis 1n accordance with the above-
described method. The remaiming steps were carried out as
already described above. After the zymogramms had been
stained with Lugol’s solution, the intensity of the stained
products produced by a protein with the activity of a starch
synthase 11 (1dentified by an arrow 1n FIG. 1) for the different
dilutions of the protein extracts from genetically modified
plants were compared visually with the relevant products of
the undiluted wild-type protein extract. Since the intensity of
the coloration of the products correlates directly with the
activity ol a protein with the activity of a starch synthase II,
product bands with the same intensities have the same activ-
ity. If the band of the product of a protein with the activity of
a starch synthase II 1n the dilute protein extract has the same
intensity as the corresponding band of the product from cor-
responding undiluted protein extract from wild-type plants,
the dilution factor corresponds to the degree of the increase in
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the activity 1n the corresponding genetically modified plant
(for comparisons, see FIG. 1).

5. Generation of Plants from Isolated Rice Embryos (Embryo
Rescue)

Seeds are removed from the panicle, and the shells are
removed. The endosperm 1s dissected from the embryo using
a surgical blade and used for suitable analyses. To improve the
wettability, the embryo 1s briefly treated with 70% ethanol
and subsequently incubated for 20 minutes 1n a solution com-
prising 2% NaOC] and one drop of commercially available
washing-up liquid to sterilize it.

Thereafter, as much as possible of the sterilization solution
1s removed, and the embryo 1s washed with sterile deminer-
alized water, once for a minute and thereafter twice for in each
case 10 minutes. The seeds are plated out 1n Petri dishes on
agar solidified medium comprising in each case a quarter of
the salt concentration of MS medium (Murashige-Skoog
medium) and 4% sucrose. Thereatter, the Petri dishes are
sealed using Parafilm and incubated in the dark at 23° C. After
germination (approx. 5-7 days aiter plating out the embryos),
the Petr1 dishes are transferred into the light. When the hypo-
cotyls of the seedlings have reached a length of approx. 2 cm,
the plants are transferred into jars comprising agar-solidified
MS medium with 2% sucrose. After suificient roots have
developed, the plants can be potted 1n compost.

6. Processing of Rice Grains, and Preparation of Rice Flours

To prepare suilicient amounts of test material, rice plants
were grown 1n the greenhouse and harvested when fully
mature. The mature rice grains were stored for 3-7 days at 37°
C. to dry them further.

Thereatfter, the grains were freed from the shells by means
of a sheller (Laboratory Paddy sheller, Grainman, Miami,
Fla., USA), and the brown rice obtained was processed by
polishing for 1 minute (Pearlest Rice Polisher, Kett, Villa
Park, Calif., USA) to give white rice. For grain composition
studies and starch property studies, the white grains were
ground by means of a laboratory mill (Cyclotec, Sample mill,
Foss, Denmark) to give what 1s known as rice flour.

7. Extraction of Rice Starch from Rice Flour

Rice starch was extracted from rice flour by a method
similar to the method described by Wang and Wang (2004;
Journal of Cereal Science 39: 291-296).

Approx. 10 g of rice flour were incubated for 16-18 hours
with 40 ml of 0.05% (w/v) NaOH at room temperature on a
shaker. Thereafter, the suspension was transierred into a War-
ing blender to complete the digestion and mixed for 135 sec-
onds at low speed and subsequently for 45 seconds at high
speed. To remove coarse constituents (for example cell wall),
the suspension was poured in succession through sieves with
a mesh size o1 125 pum and of 63 um. After centrifugation at
1500 rpm for 15 minutes (Microfuge 3.0OR; Heraeus), the
supernatant was decanted off, and the protein layer at the top
of the sediment was removed using a spatula. The remainder
of the sediment was resuspended 1n 0.05% (w/v) NaOH, and
the procedure described above was repeated. Thereatter, the
sediment was resuspended 1in water and the pH of the suspen-
sion was brought to 6.5 to 7 using HCI. The rice starch
obtained was washed 1n total three times with water, where
cach wash step comprised a sedimentation (centrifugation at
1500 rpm, 15 min, RT), discarding the supernatant and resus-
pending the sediment 1n fresh water. Before the last wash step,
the pH was rechecked and, 11 necessary, brought to pH 7 with
HCI. The sediment of the last wash step was resuspended 1n
acetone, sedimented and the supernatant was discarded. After
resuspending the sediment again in acetone, the suspension
was poured into a Petri dish and dried 1n a fume hood at room
temperature for at least 18 hours.
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In a last step, the resulting rice starch was made 1nto a fine
powder by comminuting 1n a pestel and mortar, and this
powder can be employed directly for further studies.

8. Determination of the Hot-Water Swelling Power (SP)

100 mg of sample (starch or flour) are suspended in 10 ml
of water and subsequently swelled for 20 minutes at 92.5° C.
During the incubation of the sample of 92.5° C., the suspen-
s10n 1s mixed repeatedly (continuously during the first 2 min-
utes, then after 3, 4, 5, 10, 15 and 25 minutes) by caretfully
turning the sample containers by 360°. After incubation for a
total of 30 minutes at 92.5° C., the suspension 1s cooled for
approx. 1 minute 1n ice-water before carrying out an incuba-
tion at 25° C. for 5 minutes. After centrifugation (room tem-
perature, 1000xg, 15 minutes), the supernatant obtained 1s
removed carefully from the gel-like sediment and the sedi-
ment weight 1s determined. The hot-water swelling power 1s
calculated using the following formula:

SP=(weight of the gel-like sediments)/(weight of the
welghed-1n sample (flour or starch))

9. Determination of the Starch Phosphate Content in the C6
Position of the Glucose Molecules

In starch, the positions C2, C3 and C6 of the glucose units
may be phosphorylated. To determine the C6-P content of the
starch or the flour (modified method of Nielsen et al., 1994,
Plant Physiol. 105: 111-117), 50 mg of rice flour or rice starch
were hydrolyzed for 4 hours 1n 500 ul 010.7 M HCl at 95° C.,
with continuous shaking. Thereafter, the mixtures were cen-
trifuged for 10 minutes at 15.500xg, and the supernatants
were freed from suspended matter and cloudiness by means
of a filter membrane (0.45 uM). 20 ul of the clear hydrolyzate
were mixed with 180 ul of imidazol butter (300 mM 1midazol,
pH7.4; 7.5 mM MgCl2, 1 mM EDTA and 0.4 mM NADP),
and the samples were measured in a photometer at 340 nm.
After recording the basic absorption, an enzyme reaction was
started by addition of 2 units of glucose 6-phosphate dehy-
drogenase (from Leuconostoc mesenteroides, Boehringer
Mannheim). The measured change (OD) 1s based on an
equimolar conversion of glucose 6-phosphate and NADP to
give 6-phosphogluconate and NADPH, where the formation
of NADPH is recorded at the abovementioned wavelength.
The reaction was monitored until an end point had been
reached. The result of this measurement can be used for
calculating the glucose 6-phosphate content 1n the hydrolyz-
ate:

OD X measuring volume
(200 ul) Xhydrolyzate

volume (300 ul)
extinction coefficientx

nmol glucose 6-phosphate/mg FW =

sample volume (20 ul) X

mg material weighed

n (30 mg)

To avoid erroneous results caused by incomplete hydroly-
s1s of the starch 1n the material weighed 1n (flour or starch), the
degree of hydrolysis was subsequently determined. To this
end, 10 ul of hydrolyzate was removed from the respective
hydrolyzates which were measured by their glucose 6-phos-
phate content, neutralized with 10 ul of 0.7 M NaOH and
brought to a final volume of 2 ml with water (dilution 1:200).
4 ul of this dilution were treated with 196 ul of measuring
buifer (100 mM 1midazole pH 6.9; 5 mM MgCl12, 1 mM ATP,
0.4 mM NADP) and used for the photometric determination
of the glucose content. After determiming the basic absorption
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at 340 nm, the reaction was monitored until the end point was
reached 1n the photometer (340 nm) by addition of 2 ul of
enzyme mix (hexokinase 1:10; glucose 6-phosphate dehydro-
genase from yeast 1:10 in measuring butier). The principle of
the measurement corresponds to that of the first reaction.
Using the data obtained, the amount of glucose can be calcu-
lated for the sample 1 question:

OD X measuring volume
(200 ul) X hydrolyzate
volume (500 ul) X

total volume of the

dilution (2 ml)

extinction coetficientx

mmol Glucose/g FW =

sample volume (20 ul) X
volume employed for
the dilution (10 ul) X
mg material weighed

n (30 mg)

The amount of glucose detected 1n the mndividual samples
corresponds to the amount of starch which 1s available for the
Co6-phosphate determination. To simplity the further calcula-
tion, the glucose content 1s converted 1nto starch content.

glucose content (mmolg FW) X
molecular weight of glucose

in starch (162 g/mol) X

conversion factor (% = 100)

tarch content (%) =
starch content (%) conversion factor (mmol to mol = 1000)

In what follows, the result of the glucose 6-phosphate
measurement 1s related to the starch content of the sample in
question 1 order to express, in this manner, the glucose
6-phosphate content per mg of hydrolyzed starch:

nmol glucose 6-phosphate/mg

material weighed 1n X

nmol Gle-6 P/mg starch =
starch content

(mg starch /100 mgmaterial weighed 1n)

In contrast to when relating the amount of glucose 6-phos-
phate to the weighed-1n weight of the sample (flour or starch),
this type of calculation relates the amount of glucose 6-phos-
phate only to the amount of starch which has been completely
hydrolyzed to give glucose.

10. Determination of the Apparent Amylose Content

The determination of the apparent amylose content was
carried out by a method similar to that of Juliano (1971,
Cereal Science Today 16 (10): 334-340).

For each sample, 50 mg of rice flour were weighed, in
duplicate, in 100 ml Erlenmeyer tlasks and consecutively

moistened with 1 ml of 95% strength ethanol and 9 ml of 1M
NaOH.

In parallel, flasks with defined amounts of pure amylose
from potato starch are treated in the same manner as the flour
samples, 1n order to establish a calibration curve. The flasks
were swirled briefly to mix the contents and subsequently
incubated for 20 minutes 1n a boiling water bath, with gentle
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shaking. After 5-10 minutes cooling at RT, the volume was
made up to 100 ml with water.

A 100 pl aliquot was treated with 1 ml measuring solution
(10 mM acetic acid, 0.004% (w/v) 1,; 0.04% (w/v) KI), mixed
thoroughly, and the absorption was determined at 620 nm
against a suitable blank. The calculation of the amylose con-
tent was carried out with the aid of the amylose standards used
for establishing a calibration curve.

11. Quantitative PCR

RNA was prepared from individual immature rice seeds
(10-12 days after anthesis). After the seeds, which had been
frozen 1n liquid nitrogen, had been homogenized using a 4

mm steel ball (Retsch mill, 30 Hz, 45 sec), the RNA was
prepared using the “SV 96 Total RNA Isolation System™ by
Promega, following protocol No. 294 (Promega). The RNA
was treated with 1 each case 10 ul of “RQ1 RNase-Free
DNase” (Promega), following the manufacturer’s instruc-
tions.

Identical amounts of RNA from 1n each case four seeds of
one plant were combined. The quantitative RT-PCR was car-
ried out with reagents of the “Access RT-PCR System” by
Promega.

The reaction conditions for the RT-PCR were: 30 min at
55°C.,2minat 94° C., 40x(15 sec 94° C., 1 min 60° C.). The
fluorescent signal was recorded using an ABI Prism 7700
apparatus (Applied Biosystems), in each case during the com-
bined annealing/extension phase.

The controls which were employed 1n this approach were
in each case mixtures without reverse transcriptases.

The relative expression was calculated as described by M.

W. Piafil (2001, A new mathematical model for relative quan-
tification 1n real-time RT-PCR, Nucleic Acids Research 29,

No 9 00).

Examples

1. Generation and Selection of the Waxy (GBSSI
Knock Out) Mutant

The waxy mutant originated from an agrobacteria-medi-
ated transformation of rice. An analysis of the progeny
revealed that the waxy phenotype of the rice grains 1s inher-
ited independently of the phosphinotricine resistance intro-
duced with the transformation. A sequence analysis of the
GBSSI (waxy) gene revealed that the manifestation of the
waxy phenotype gene can be attributed to the exchange of two
nucleotides, as a result of which a premature stop codon 1s
generated, which leads to a truncated and probably 1nactive
protein. The RFLP analysis of the apparent amylose content
of the starch present in the rice grains confirmed a value of
less than 5% by weight, which means that the mutant 1denti-
fied 1s a “waxy” mutant. As a consequence, the term “waxy
phenotype”™ 1s understood as meaning waxy mutants whose
starch has an apparent amylose content of less than 5%.

Lines 738-104 and 738-106, which are homozygous for the
above-mentioned mutation, were used for the combination
with the transgenic approaches.

BamHI

M202 GAG TGG GAT CCT AGC

GAG TGA AAT CCT
Stop

Waxy Mutant AGC
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2. Preparation of the Plant Expression Vector
pAH32-191, which Comprises a Coding Sequence
for a Protein with the Activity of a Starch Synthase 11

The complete encoding sequence of the protein with the
activity of a starch synthase II from wheat (T.a.-SSII) was
excised from the plasmid pCF31 (described in WO 97/45545
under the name pTaSS1) by means of the restriction endonu-

cleases Ecl13611 and Xho I and cloned into the plasmid
pIR103-123 (described 1n WO 05/030941) which had been
cleaved with the restriction endonucleases Eco RV and Xho 1.
The expression vector obtained was named pAH32-191. The
plant expression vector plR103-123 serves for the
endosperm-specific expression of the target gene under the
control of the endosperm-specific globulin promoter (Nakase
etal. (1996) Gene 170(2): 223-226) from rice. In addition, the
plant expression vector pIR103-123 comprises the bar gene
under the control ol the CaMV 358 promoter, which gene was
used as the selection marker for the transformation of plants.

3. Generation of Rice Plants with an Increased
Activity of a Protein with the Activity of a Starch
Synthase 11

Rice plants (variety M202) were transformed by means of
agrobacteria comprising the plasmid pAH32-191 using the
method described by Hier et al. (1994, Plant Journal 6(2),
2'71-282). The resulting plants were named oe-SSII-O.s.-X,
where X means independent plants obtained from the trans-
formation.

4. Analysis of the Rice Plants which Had been
Transformed with the Expression Vector pAH32-191

Rice plants (T0 plants) of the lines named oe-SSII-O.s.-X
and which had originated from the transformation with the
expression vector pAH32-191 where grown 1n soil in the
greenhouse. RNA was 1solated from immature grains (11
seeds) of various lines, and a Northern blot analysis was
carried out in accordance with the method described in “Gen-
eral Methods”, using an SSII-specific probe. A plurality of
lines with an increased amount of transcript of the wheat
starch synthase II in comparison with corresponding not
genetically modified wild-type plants were identified (see
diagram shown by way of example 1n FIG. 2).

In addition, an increased activity of a protein with the
activity ol a starch synthase II 1n protein extracts of immature
T1 seeds from different lines of the above-mentioned trans-
formation was determined by means of zymograms (see dia-
gram shown by way of example i FIGS. 1 and 2). The
analysis was carried out by means of zvmograms as described
in “General Methods™.

Based on the results of the analyses described, the follow-
ing line was selected for the combination with other
approaches:

0e-SS11-0.5-01502

On the basis of a variety of analyses, it was possible to

demonstrate that this line 1s homozygous for the integrations
of the T-DNA(s) of the vector pAH32-191.
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5. Generation of Rice Plants with an Increased
Activity of a Protein with the Activity of a Glucan,
Water Dikinase

Rice plants (variety M202) were transformed by means of

agrobacteria which comprise the plasmid pML82 (described
in WO 05/095619), using the method described by Hiei et al.

(1994, Plant Journal 6(2), 271-282). The resulting plants were
named oe-GWD-0.s.-X, where X means independent plants
obtained from the transformation.

6. Analysis of the Rice Plants which Had been
Transtormed with the Expression Vector pMLS2

Rice plants (T0 plants) of the lines named oe-GWD-0.s.-X
and which had originated from the transformation with the
expression vector pML82 were grown 1n soil 1n the green-
house. Individual, mature grains (11 seeds) from different
lines were made 1nto a flour. To this end, imndividual grains
were comminuted, 1n a ball mill (from Retsch, Model
MM300), for 30 seconds at a frequency of 30 Hertz 1n an
Eppendort reaction vessel using a tungsten carbide ball. This
was followed by a determination of the starch phosphate
content 1n the C6 position of glucose molecules of the starch
present 1n the flour as described 1n “General Methods™.

The following results were obtained for selected plants:

TABL.

L1

1

Starch phosphate content in the C6 position of the glucose molecules

of individual T1 seeds from different lines with the name
oe-GWD-0.s.-X 1n comparison with seeds of corresponding not

genetically modified wild-type plants (WT) of variety M202.

Line nmol C6P/mg material weighed
0e-GWD-0.s.-2 1.6%
0e-GWD-0.s.-4 1.70
0e-GWD-0.5.-9 1.47
WT 0.30

As can be seen from table 1, 1t was possible to 1dentily
independent lines which are the result of the transformation
with the plant expression vector pML82 and which, 1n com-
parison with corresponding not genetically modified wild-
type plants have an increased starch phosphate content in the
C6 position of the glucose molecules. It 1s known that plant
cells with an increased expression of a protein with the activ-
ity of a glucan, water dikinase synthesize a starch with a
higher starch phosphate content in comparison with corre-

sponding genetically not modified wild-type plants (see, for
example, WO 02/34923).

Based on the above-described analyses, the following lines
were selected for the combination with other approaches:

oe-GWD-0.s.-2
oe-GWD-0.s.-4
oe-GWD-0.5.-9

On the basis of various analyses, it was possible to dem-
onstrate that these lines are homozygous for the integrations

of the T-DNA(s) of vector pMLS82.
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7. Generation of Plants with a Waxy Phenotype and
an Increased Activity of a Protein with the Activity
of a Glucan, Water Dikinase

The following crosses were made:

TABL.

(L.

2

Crosses of the combination of

738-104/4 (M202 waxy) with oe-GWD-O.s.

Plasmid
Name of of
Pedigree female female Name ofmale Plasmid of
CIroSs parent parent  parent male parent
XPOS0001 M202 — 0e-GWD-O.s. pML&2
waxy
-01  738-106 — 0e-GWD-0O.s-2 pMLR&2
-02  738-104  — 0e-GWD-O.s-2 pML&2
-03  738-104 — 0e-GWD-O.s-4 pMLS&2
-04  T738-106 — 0e-GWD-O.s-4 pMLS&2
-05  738-104  — 0e-GWD-0O.s-9 pML&2
-06  738-106 — 0e-GWD-0O.s-9 pMLS&2

The endosperm ofthe F1 seeds, which were the result of the

cross, was studied for the starch phosphate content 1n the C6
position of the glucose molecules (C6P). The embryos of

those grains whose starch phosphate content (C6P) was
markedly increased in comparison with the female parent

were germinated by means of tissue culture techniques. After
a suificient size had been attained, relevant plants were trans-
terred to the greenhouse 1n order to produce F2 seeds.

Grains with waxy phenotype were selected from the
mature F2 seeds by means of visual scoring and placed in the

greenhouse. After germination, the plants were sprayed with
Basta® (Bayer CropScience), and leal samples were taken
from Basta®-tolerant plants. Plants which were homozygous
for the integration of the T-DNA of vector pML82 were
identified by means of a copy number determination using
invader technology (http://www.twt.com/invader_chemistry/

invaderchem.htm; Ledford et al (2000, J. of Mol. Diagnostics.
2(2): 97-104; Mein et al., 2000, Genome Res. 10: 330-343)
tor the bar gene. The plants thus selected were grown oninthe
greenhouse for the production of F3 seeds.

Some mature F3 seeds of the potentially doubly homozy-
gous plants were studied individually for their starch phos-
phate (C6P) content. Those plants where all grains had an
expectedly high starch phosphate (C6P) content were
retained.

The seed of all doubly homozygous plants of a parental
combination was pooled and used for further propagation and
for grain and flour property analyses.

For the combination with line o0e-SSII-O.s, the event

XPOS0001-05, which 1s homozygous both for the waxy
mutation and for the T-DNA of the vector pML82, was
selected.
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8. Generation of Plants with a Waxy Phenotype and
with an Increased Activity of a Protein with the
Activity of a Glucan, Water Dikinase and with an
Increased Activity of a Protein with the Activity of a
Starch Synthase 11

The following crosses were made:

TABLE 3

Crosses of the combination of oe-SSII-O.s. with XPOS0001-05

Plasmid of Plasmid of
female male
Pedigree cross Female parent parent Male parent  parent
XPOS0025-01 o0e-SSII-O.s.-  pAH31-  XPOS0001- pMLR2
01502 191 05
XPOS0026-01 XPOS0001-05 pMLR2 0e-SSII-O.s.- pAH32-191
01502

Successful events in crosses were 1dentified by measuring the starch phosphate content of the
F1 endosperm, since the starch phosphate content of the combination 1s markedly higher
than that of the parental lines.

9. Analysis of Plants with a Waxy Phenotype and
with an Increased Activity of a Protein with the
Activity of a Glucan, Water Dikinase and with an
Increased Activity of a Protein with the Activity of a
Starch Synthase 11

Embryos of F1 seeds whose endosperm has a starch phos-
phate content of more than 5 nmol C6P/mg starch and 1s
therefore markedly above that of both parents (2.5 nmol/mg
starch for oe-GWD-0O.s. and at least 0.8 nmol/mg starch for
0e-SSII-0.s.) were germinated by means of tissue culture
techniques, and the plants 1n question, once they had reached
a suitable si1ze, were transferred to the greenhouse to produce
F2 seeds.

To 1dentily progeny which 1s homozygous for both trans-
genes and for the waxy mutation, the above-described proce-
dure was repeated for F2 seeds which had been preselected
visually with regard to a “waxy phenotype”, including the
embryo rescue.

10. Selection and Analysis of the F2 Plants

Based on the results of the starch phosphate measurement,
F2 seeds were selected (C6P>8 nmol/mg starch), their
embryos were germinated, and the F2 plants 1n question were
grown 1n the greenhouse.

Genomic DNA was extracted from leaf material of the F2
plants, and the copy number of the two transgenes and of the
bar gene (total of the values for the two transgenes) was
determined by means of quantitative PCR.

The proof that the waxy mutation was homozygous was
carried out using an RFLP(Bam HI) 1n the GBSSI gene (defi-
nition and/or method) of the waxy mutant. F2 plants which
are potentially homozygous for the two transgenes and
homozygous for the waxy RFLP were grown on in the green-
house and used for the production of F3 seeds.

11. Selection of the F3 Plants/Analysis of F3 Seeds

To 1dentily triply homozygous lines, some individual
grains ol suitably selected plants were examined visually for
a waxy phenotype and subsequently studied for their starch
phosphate content. If all grains have a waxy phenotype, and 1T
the starch phosphate content for all grains of one plant 1s
found to be approximately equally high, 1t can be assumed
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that the plant 1s homozygous for the waxy mutation and for
the T-DNA of pML82 and pAH32-191.

12. Generation of F4 Material

The following lines were found 1n the abovementioned
analysis to be triply homozygous:

XPOS002501-1
XPOS002501-1-13
XPOS002601-1-19

Plants from these lines were grown 1n the greenhouse, and
the F4 seeds produced were harvested and dried and then
pooled as one line for all progeny.

13. Functionalities and Analysis of the Constituents
of the F4 Matenal

a) Grain Composition

Apparent Amylose Content:

TABL

(L.

4

Apparent amylose content in rice flours and rice starches
for the single-gene approaches and the triple combination

Apparent amylose Apparent amylose

content of rice tlours content of rice starches

Sample name (% amylose/FW) (% amylose/FW)
Wild type 8.9 11.8
oe-GWD-O.s.-4 10.6 14.4
oe-GWD-O.s.-9 10.6 14.3
oe-SSII-0.s.-01502 6.6 9.2
738-104/6 2.3 2.2
XPOS025-01-1-37 3.7 3.5
XPOS025-01-1-13 3.7 3.7
XPOS026-01-1-19 3.9 4.1

It emerged that the combinations XPOS0025/6 have an
amylase content above that of the waxy mutant (738-104/6).

Starch Phosphate Content (C6P Contents)

TABL.

L1

D

Starch phosphate content in the C6 position of rice flours or starches
for the single-gene approaches and for the triple combinations

Starch phosphate
content in the C6
position of starches
present in rice flours

Starch phosphate
content in the C6
position of rice starches

Sample name (nmol C6P/mg starch)  (nmol C6P/mg starch)
Wild type 0.46 0.37
oe-GWD-O.s.-4 2.85 2.65
oe-GWD-0O.s.-9 3.27 2.56
oe-SSII-0.5.-01502 1.22 0.91
738-104/6 0.52 0.38
XPOS025-01-1-37 11.45 9.50
XPOS025-01-1-13 11.20 10.24
XPOS026-01-1-19 11.06 10.23

The starch phosphate content 1n the C6 position of the triple
combination 1s markedly higher than that of the single-gene
approaches.
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b) Functionalities of Rice Flours and Rice Starches
Hot-Water Swelling Power

TABL.

L1

6

Hot-water swelling power of rice flours or rice starches of the
single-gene approaches and of the triple combination

Hot-water
swelling power
of rice flours (g/g)

Hot-water swelling power

Sample name of rice starches (g/g)

Wwild type 15.7 31.9
0e-GWD-O.5.-4 21.6 38.6
0e-GWD-0.5.-9 21.3 39.9
0e-SSII-0.5.-01502 20.2 40.8
738-104/6 19.9 47.3
XPOS025-01-1-37 40.6 R6.0
XPOS025-01-1-13 41.9 R9.1
XPOS026-01-1-19 38.3 R7.2

The determination of the hot-water swelling power of
flours or starches prepared from F4 seeds of the abovemen-
tioned lines and from wild-type plants was accomplished as
described 1n “General Method”.

The hot-water swelling power of the triple combination 1s
markedly above that of the single-gene approaches.

DESCRIPTION OF THE FIGURES

FIG. 1 shows zymograms for determining the activity of
proteins with the activity of a starch synthase II in comparison
with the wild type. The material used were total protein
extracts from immature grains (15 days after anthesis) of
wild-type plants (W) and of the three independent geneti-

cally modified plants which are the result of the transforma-
tions with the expression vector AH32-191 (oe-SSII-O.s.-5,

0e-SSII-0.s.-12, 0e-SSII-0.5.-19). In the lanes WT and pur,

in each case identical amounts of protein of the respective
extracts are applied. The protein extracts of the genetically
modified plants were subjected to serial dilution (1:2, 1:4, 1:6,
1:8, 1:10, 1:20, 1:50 or 1:100), and these dilutions were
separated by electrophoresis, also separately from one
another. The increase 1n the activity of a starch synthase II 1n
comparison with wild-type plants can be determined by com-
paring the intensity of the specific products which are present
in the zymogram after staining with Lugol’s solution and
which have been synthesized by a protein with the activity of
a starch synthase II (1dentified by an arrow) of protein extracts
from wild-type plants with the intensity of the corresponding
bands of protein extracts from genetically modified plants.
Equal intensities mean equal activities.

FIG. 2 shows the autoradiogram of a Northern blot analysis
of immature T1 seeds of the rice lines 0e-SSII-O.s.-19, oe-
SSII-0.5.-20, 0e-SSII-O.s.-21, 0e-SSII-0.s.-22, oe-SSII-
O.s.-23 1n comparison with not genetically modified wild-
type plants (WT). To this end, RNA was extracted from in
cach case three seeds of lines which have independently origi-
nated from the transformation with the expression vector
AH32-191 and was analyzed 1n accordance with the method
described 1n General Methods, item 8. The band which
hybridizes with a labeled nucleic acid probe coding for a
protein with the activity of a starch synthase II from wheat 1s
identified as SSII.

FIG. 3 shows a zymogram of protein extracts from imma-
ture T1 seeds of the rice lines 0e-SSII-O.s.-8, 0e-SSII-O.s.-
19, 0e-SSII-0O.s.-23 1n comparison with seeds of not geneti-
cally modified wild-type plants (WT) after staining with
Lugol’s solution. Protein extracts from two (0e-SSII-0.s.-8)
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Methods, item 9. The band 1n the zymogram which 1s specific
for a protein with the activity of a starch synthase 11 1s 1den-
tified as SSII.
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or three (0e-SSII-O.s.-19, 0e-SSI11-0.s.-23) different grains
were analyzed per line. The analysis by means of zymogram
was performed following the method described 1n General
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Ser

tta
Leu

ctt
Leu

ggc
Gly

795

ggc
Gly

aat
Asn

ttyg
Leu

gygc
Gly

540

agt
Ser

gagy
Glu

ata
Tle

gta
Val

tat
Tyr
620

gac
ASP

ttg
Leu

gdg4a
Gly

tgc
Cys

act
Thr
700

aag
Lys

g4ya
Gly

gaa
Glu

ggt
Gly

gayd
Glu
780

CttC

Phe

CLCt
Phe

gtg
Val

CCt

Ser
525

CLCc
Phe

gya
Gly

gct
Ala

gaa
Glu

tgg
Trp

605

aac
ASn

ttg
Leu

c99Y
ATrg

cag
Gln

aag
Lys
685

agt
Ser

agt
Ser

ata
Ile

cca
Pro

cac
His
765

tct

Ser

atg
Met

cag
Gln

gaa
Glu

ggt
Gly

agt
Ser

act
Thr

cag
Gln

gat
ASp
590

atg
Met

gta
Val

ttyg
Leu

atg
Met

cga
Arg
670

ggt
Gly

cct
Pro

gat
ASpP

aca
Thr

aat

Agn
750

cat

gct
Ala

gtt
Val

gac
ASpP

act
Thr
830

gaa
Glu

gct
Ala

gca
Ala

aag
Liys
575

gcc
Ala

a9y
ATy

ddd

cag
Gln

atct
ITle
655

att
ITle

ggt
Gly

gat
ASpP

CCt
Phe

aaa
Lys
735

CCC
Phe

atg
Met

attc
Ile

g9ya4a
Gly

ctc

Leu
815

ctt
Leu

-continued

aaad

gca
Ala

aag
Lys
560

tca
Ser

act
Thr

Ctc
Phe

cCa
Pro

aat
Asn
640

atg
Met

ag9y
AYg

atg
Met

gat
ASDP

gat
ASP
720

gay
Glu

aga
AYg

aga
ATYg

gca
Ala

gtc
Val
800

ctce
Leu

ctt
Leu

tgg
Trp

tcc
Ser
545

tct
Ser

Ctt
Phe

Ser

atg
Met

cgt
Arg
625

gct
Ala

tca
Ser

gat
Asp

atg
Met

gtt
Val
705

ctt
Leu

cgt
Arg

ggda
Gly

aca
Thr

aac

Asn
785

cag
Gln

cat
His

gay
Glu

attc
Ile
530

daad

tta
Leu

atg
Met

gct
Ala

gct
2la
610

gaa
Glu

CLCcC
Phe

act
Thr

gaa
Glu

caa
Gln
690

gtg
Vval

ggt
Gly

ctt
Leu

gat
ASP

ttyg
Leu
770

ata
Ile

CCct
Phe

aga
ATrg

aag
Lys

tta
Leu

ctg
Leu

cac
His

ggt
Gly

595

aca
Thr

ata
Ile

acc
Thr

gtt
Val

att
Tle
675

gaa
Glu

atc
Tle

gtt
Val

ttyg
Leu

caa
Gln
755

aag

atg
Met

aat
ASnh

gtc
Val

ttyg
Leu
835
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aac
Agn

gca
Ala

gat
ASDP

<99
Arg

580

gaa
Glu

adg

agc
Ser

agt
Ser

gya
Gly

660

ttyg
Leu

tgg
Trp

tgt
Cys

tat

agt
Ser
740

aag

gca
Ala

ggc
Gly

cCct
Pro

tta

Leu
820

cta
Leu

1700

1748

1796

1844

1892

1940

1988

2036

2084

2132

2180

2228

2276

2324

2372

2420

2468

2516

2564

2612

56



gay
Glu

cta
Leu

aca
Thr

aaa
Lys
885

gtg
Val

gct
Ala

ddd

tgg
Trp

ctt
Leu
o065

cgt
ATrg

CcCcC
Pro

agt
Ser

ctt
Leu

gca
Ala

gcc
Ala

gtt
Val

cCc
Pro

ctce
Leu

gay
Glu

tca
Ser

gct
ala

aag
Lys

gca
2la
870

atc
Tle

gac
ASp

ctt
Leu

gct
ala

tac
Tyr
550

994
Gly

gct
2la

gtg
Val

cca
Pro

tca
Ser

aaa
Lys

ctg
Leu

cga
Arg

aat
AgSh

tta
Leu

atct
Ile

gca
2la

cgt
ATg

gat
ASP
855

gta

Val

atg
Met

gat
ASP

tca
Ser

gtg
Val
035

cat
His

gtg
Val

gyga
Gly

ctt
Leu

gtt
Val

gtt
Val

tct
sSer

ata
Tle

gct
Ala

ata
Tle

aag

gay
Glu

aca
Thr

gagd
Glu
840

ctg
Leu

gaa
Glu

tac

aat
Agnh

atg
Met
020

ctt
Leu

cac
His

gac
ASP

tca
Serxr

C9g9
ATrg

1000

gaa
Glu
1015

cag
Gln
1030

gtt
Val
1045

aca
Thr
1060

aga
ATrg
1075

ttg
Leu
1090

cct

Pro
1105

ctc

Leu
1120

CCtC

Leu
1135

gay
Glu

ctyg
Leu

ayy
Arg

Ct¢
Phe

gaa
Glu
905

tcc
Ser

gac
Asp

tta
Leu

caa
Gln

gca
Ala
o0gh

ctt
Leu

Ctt
Phe

gga
Gly

atc
Tle
890

gat
ASP

aat
Agnh

aga
ATg

ttyg
Leu

tgg
Trp

970

gct
Ala

S7

ayy
Arg

ttyg
Leu

tat
Tvr
875

tcc
Ser

ctt
Leu

ggt
Gly

acgc
Thr

cag
Gln
05K

gct
Ala

tca
Ser

cCocC
Pro

gac
ASP
860

gaa
Glu

ctce
Leu

gtt
Val

999
Gly

cgt
ATy
540

cca
Pro

ttg
Leu

tta
Leu
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aaa
Lys

gcc
2la

aat
Agn

ddd

cca
Pro

aat
Agn

gct
2la

aca
Thr

caa
Gln

aga

act
Thr

gtt
Val

gaa
Glu

gya
Gly

gac
ASP

999
Gly

gac
ASP

cct
Pro

agt
Ser

ttg
Leu

gca
2la

gga
Gly

atc
Ile

gay
Glu

atg
Met

aag

ctc
Leu

tca
Ser

tca
Serxr

gtyg
Val

aat
Asnh

gay
Glu

cCa
Pro

gtt
Vval

caa
Gln

gac
AsSpP

agt
Ser

adadad

-continued
ttg ctt ctc aaa cca aac aac cgt
Leu Leu Leu Lys Pro Asn Asn AYg
845 850
ata gca ctt gat tcect aca gtt aga
Ile Ala Leu Asp Ser Thr Val Arg

865
gaa ttg aac aac gct aat cct gag
Glu Leu Asn Asn Ala Asn Pro Glu
880
gtt ctt gaa aat ctc gca ctc tcect
Val Leu Glu Asn Leu Ala Leu Ser
895 900
tat tgc ttg aag gga tgg aat caa
Tyr Cys Leu Lys Gly Trp Asn Gln
910 015
gac aac cat tgg gct tta ttt gca
Asp Asn His Trp Ala Leu Phe Ala
925 930
ctt gca ctt gca agc aag gca gag
Leu Ala Leu Ala Ser Lys Ala Glu
945
tct gce gaa tat cta gga tca ata
ser Ala Glu Tyr Leu Gly Ser Ile
960
aac ata ttt act gaa gaa att ata
Asn Ile Phe Thr Glu Glu Ile Ile
975 980
tcc tcect ctt ctt aat aga ctc gat
Ser Ser Leu Leu Asn Arg Leu ASp
990 595
cta gga agt tgg cag att atc
Leu Gly Ser Trp Gln Ile Ile
1005 1010
gtt gtc gtt gtg gat gag ttg
Val Val Val Val Asp Glu Leu
1020 1025
gag aag ccc acg atce tta gta
Glu Lys Pro Thr Ile Leu Val
1035 1040
gaa att cct gat ggt gct gtt
Glu Ile Pro Asp Gly Ala Val
1050 1055
gat gtt ctt tca cat gtt tct
Agp Val Leu Ser His Val Ser
1065 1070
tgce ttt gct aca tgce ttt gat
Cys Phe Ala Thr Cys Phe Asp
1080 1085
gca aag daa gga agg att ttg
Ala Lys Glu Gly Arg Ile Leu
1095 1100
ata atc tat agt gag gtg aat
Ile Ile Tyr Ser Glu Val Asn
1110 1115
aac ttg gta gaa gct gaa act
Asn Leu Val Glu Ala Glu Thr
1125 1130
aag caa ttt ggt ggt tgt tac
Lys Gln Phe Gly Gly Cys Tyr
1140 1145

2660

2708

2756

2804

2852

2900

2948

2996

3044

3092

3137

3182

3227

3272

3317

3362

3407

3452

3497

3542

58



gca
Ala

tca
Ser

gga
Gly

gta
Val

att
Tle

gaa
Glu

gtc
Val

cct
Pro

ata
Tle

agc
Ser

gtc
Val

cac
His

gay
Glu

gga
Gly

cct
Pro

adaa

gaa
Glu

gay
Glu

act
Thr

gct
Ala

ata
Ile

cgt
Arg

att
Tle

ctt
Leu

ctg
Leu

att
Tle

ddd

ggt
Gly

add

aca
Thr

ctt
Leu

aca
Thr

gtg
Val

cgt
Arg

caa
Gln

aga
Arg

ggt
Gly

gay
Glu

gat
ASpP

g4ya
Gly

tca
Ser

aat
Agn

cct
Pro

tca
Ser

atg
Met

cgc

gay
Glu

gat
ASP

aag
Lys

adg9y
ATrg

gtt
Val

acc
Thr

gtc
Val

gct
Ala

gtg
Val

tct
Ser

tat

gaa
Glu

ggt
Gly

cat
His

gca
Ala
1150

attc
Tle
1165

acyg
Thr
1180

gac
ASDP
11595

aaa
Lys
1210

aca
Thr
1225

ctg
Leu
1240

gaa
Glu
1255

gtg
Val
1270

aag
Lys
1285

caa
Gln
1200

aac
ASh
1315

ag9
ATJg

1330

ttg
Leu
1345

tLta

Leu
1360

atc
Tle
1275

gcc
Ala
1290

aaa
Lys
1405

ddcC

Agn
1420

gct
Ala
1435

gat
ASP

gca
2la

tca
Ser

gac
ASp

add

acg
Thr

aag
Lys

ggt
Gly

tgg
Trp

gtg
Val

gaa
Glu

cca
Pro

gyc
Gly

agt
Ser

ggt
Gly

atc
Tle

ggt
Gly

gtt
Val

CCc
Phe

atc
Tle

gaa
Glu

tat

gta
Val

ata
Tle

cta
Leu

gtt
Val

gay
Glu

cca
Pro

gct
Ala

ddada

ata
Tle

tct
Ser

ctt
Leu

CCtC
Phe

tac

Ctc¢
Phe

gct
Ala

gta
Val

cgc
ATrg

gay
Glu

59

CLCC
Phe

ctg
Leu

gct
2la

aat
Agn

tct
Sexr

tta
Leu

aag
Lys

aag
Lys

tca
Serxr

ctg
Leu

ata
Tle

tcc
Sexr

949
Gly

atc
Ile

cca
Pro

cga
Arg

ggc
Gly

atct
Ile

cag
Gln

gay
Glu

aca
Thr

adaa

ctt
Leu

cag
Gln

gaa
Glu

gat
ASpP

atg
Met

Y9
ATrg

adaa

gat
AP

aat
Asnh

g94a
Gly

gaa
Glu

tgc

agc
Ser

tct
Ser

ctc
Leu

gat
AsSpP

aca
Thr

cta
Leu

agt
Ser
11565

gga
Gly

1170

cca
Pro
11865

gg4a
Gly

1200

gga
Gly

1215

ctt
Leu
1230

cag
Gln
1245

tgg
Trp

1260

tgg
Trp

12775

cat
Hig
1290

gct
Ala
1305

gac
ASpP
1320

aca
Thr
1335

aag
Lys
1350

aaa
Lys
1365

gat
ASp
1380

tac
Tyr
1395

tac
Tvr
1410

atc
Ile
1425

tat
Tyr
1440

gaa
Glu

adada

CCC
Phe

gtg
Val

gac
AsSp

tca
Ser

ggt
Gly

gaa
Glu

aat
Agh

gac
ASP

gat
ASp

gac
AsSp

ctt
Leu

daadd

ccg
Pro

tcc
Ser

gac
AsSp

tct
Ser

ctg
Leu

gyc
Gly
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atg
Met

gtg
Val

gga
Gly

gca
Ala

Ctc
Phe

gca
Ala

tct
Ser

caa
Gln

gay
Glu

tca
Ser

gtt
Val

aag

atc
Tle

aat
Ash

agt
Ser

tcc
Ser

tcc
Ser

tct
Ser

-continued

gtt
Val

cct
Pro

gtc
Val

dada

agc
Ser

cCca
Pro

ggc
Gly

gca
Ala

aga
Arg

ctyg
Leu

gca
bAla

gaa
Glu

gga
Gly

gat
Asp

ggc
Gly

999
Gly

gta
Val

gac
Asp

aac
Agn

cct
Pro

gga
Gly

tcc
Ser

Ctt
Phe

gag
Glu

gct
Ala

gct
Ala

atg
Met

tgg
Trp

gca
2la

tgc

Lttt
Phe

ata
Tle

gct
Ala

ctce
Leu

ctt
Leu

gaa
Glu

cCca
Pro

cCa
Pro

att
Ile

caa
Gln

gct
Ala
1160

tcg
Ser
1175

gad
Glu
1190

ttyg
Leu
1205

ctt
Leu
1220

caa
Gln
1235

cct
Pro
1250

atg
Met
1265

tac
Tyr
1280

atg
Met
1295

gtc
Val
1210

tat
Tyr
1325

tat
Tyr
1340

aac
Agn
1355

CLCcC
Phe
1270

gat
ASDP
1385

atg
Met
1400

ttg
Leu
1415

gct
Ala
1430

gac
ASDP
1445

aaa
Lys

gtg
Val

aad

caa
Gln

ggt
Gly

ttyg
Leu

tgg
Trp

gcc
Ala

CtcC
Phe

gct
Ala

att
Tle

gCc
Ala

cCa
Pro

tct
sSer

ata
Tle

ttyg
Leu

gat
Asp

ata
Ile

cgt
Arg

attc
Tle

3587

3632

3677

3722

3767

3812

3857

3902

3947

3992

4037

4082

4127

4172

4217

4262

4307

4352

4397

4442

60
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-continued

tat gtc gtt cag aca
Tyvr Val Val Gln Thr
1460

agg gat gga aag att
Arg Asp Gly Lys Ile
1455

gag ggt gta gtg
Glu Gly Val Val
1450

aga
ATy

cca cag atg tga ttatattctce gttgtatgtt gttcagagaa gaccacagat
Pro Gln Met

gtgatcatat tctcattgta tcagatctgt gaccacttac ctgatacctc ccatgaagtt

acctgtatga ttatacgtga tccaaagcca tcacatcatg ttcaccttca gctattggag

aagtaggaat tgcaatatga ggaataataa gaaaaacttt gtaaaagcta

gagaagtgag

aattagctgg gtatgatata gggagaaatg tgtaaacatt gtactatata tagtatatac

acacgcatta tgtattgcat tatgcactga ataatatcgce agcatcaaag aagaaatcct

ttgggtggtt tc

«<210> SEQ ID NO 2

<211>
<212 >
<213>

<400>

Met

1

Ser

Gly

Thr

Met

65

Thr

Tle

Phe

Trp

ATrg

145

Phe

Thr

ITle
225

Pro

Glu

Thr

Ser

Thr

Agn

Glu

50

Glu

ASpP

Glu

Val

Gly

130

Pro

Val

ala

Trp

Glu

210

Gln

Glu

Glu

LENGTH :
TYPE :
ORGANISM:

Agn

Val

Ser

35

Phe

Thr

Leu
ASP
115

Ala

ASP

Ile

Tle
195

Tle

Ser

Ile

Thr

PRT

SEQUENCE :

Ser
Leu
20

Leu

ATJg

Ser

Gln

100

Phe

Val

Gly

Ser

Glu
180

Glu

Ala
260

Agn

1464

Solanum

Leu

Glu

Phe

Gly

Arg

Ser

85

Val

Gln

Thr

Gly

165

Ala

Asn

Gly

Leu

Lys

245

Arg

AsSp

Gly

His

Gln

AsSn

Ala

70

Glu

ASP

Val

Phe

Lvs

150

Ser

ITle

Agn

Pro

ATg

230

Glu

Gly

tuberosum

Asn

Gln

Arg

55

Phe

Leu

Val

Thr

Gly

135

Val

ASn

Glu

Gly

AsSp

215

Trp

Glu

Ala

Ser

Agn

Ser

Gln

40

Leu

Ser

Ala

Arg

Agn
120

Ser

Phe

Gly

200

Val

Glu

Ser

Gln

Leu
Arg
25

Val

Ser

Glu

Pro

105

Gly

Glu

Tle

Leu

185

Agn

Ser

ATg

Glu

Ile
265

Ser

Leu

10

Tle

Tle

Val

Ser

Lys

S0

Pro

Ser

Thr

AgSh

Leu

170

Ile

Phe

Val

2la
250

Gln

Ser

Ser

Gln

Pro

75

Phe

Thr

ASpP

Trp

Liys

155

ATrg

Arg

Pro

Gly

235

Ala

ASDP

Glu

Gln

Pro

Lys
60
His

Ser

Ser

Ser

140

Ala

Leu

ASP

Val

Glu

220

AYg

Ile

Glu

Gly

Pro

Ser

45

Lys

Ala

Leu

Gly

Leu

125

Leu

Leu

Glu

Glu

Lys

205

Glu

Gln

Thr

Arg

Pro

Phe
Cys
30

Pro

Val

Gly

ASP

110

Phe

Pro

Arg

Tle

Ala

120

Leu

Leu

Agn

Val

Ala
270

Leu

Leu

15

Val

Leu

Ile

Leu

Gly

S5

Val

Leu

Agn

Thr

Arg

175

Hig

Ser

Val

Leu
255

Arg

His

Thr

Gly

Ser

Pro

Thr

80

Agn

Ser

His

ASpP

Pro

160

ASDP

ASpP

Gln

Pro
240
Gln

Leu

Val

4487

4539

4599

4659

4719

4779

4839

4851

62



Thr
ATrg
305

Glu

Gly

ATrg

Thr

385

Ala

ASP

Leu

Ala

Ser

465

Ser

Ser

ASpP

Trp

Ser

545

Ser

Phe

Ser

Met

ATrg

625

Ala

Ser

ASP

Met

Lys

290

Trp

Glu

Tle

Thr

Ile

370

Sexr

Leu

ASpP

Leu

Thr

450

Pro

Tle

ASpP

Gly

Tle

530

Leu

Met

ala

2la

610

Glu

Phe

Thr

Glu

Gln
690

275

Ser

Glu

Leu

Thr

Lys

355

Gln

Ser

Ser

Pro

Val

435

ASP

Gly

Tle

Gly

AgSh

515

Leu

Leu

His

Gly

595

Thr

Ile

Thr

Val

Ile

675

Glu

ASP

Glu

Leu

340

Val

ATg

Pro

Ile

420

Leu

Leu

Glu

Leu

Leu

500

Phe

Agn

Ala

ASDP

ATg

580

Glu

ATrg

Ser

Ser

Gly

660

Leu

Trp

Ile

Ala

Glu

325

AsSp

Glu

Ala

Tle

405

Leu

Vval

AsSn

Trp

AsSp

485

Thr

Val

Gln

Leu

Lys

565

Phe

Leu

Gln

His
645
Arg

Val

His

Pro
Gly
210

Ala

Glu

Val

390

AsSn

Ala

Gln

Met

470

Ser

Gly

Gly

Lys

550

Tle

Agn

Gly

Leu

Ala

630

Pro

Gly

ITle

Gln

63

Asp
295
Arg
Leu
His
Arg
375

Gln

Leu

Pro
455
Val

Ala

Met
Ser
535
Ala
bAla
Tle
Phe
Tle
615
Gln
Gln
Gly

Gln

Lys
695

280

ASP

Pro

ATrg

Arg

Leu

360

ASP

Val

Ser

440

Tle

Pro

2la

Val

Pro

520

ASP

Ala

ASDP

Ala

Ala

600

Trp

ASP

Glu

ATy
680

Leu

Leu

AgSh

Glu

Lys

345

Phe

Gln

Ala

Ile

425

Ser

Thr

Pro

Glu

Gln

505

Phe

Phe

Gly

Met

Ala

585

Gly

Agn

Gly
665

Agn

His

ala

Leu
330

Thr

Arg

Gly

Lys
410

Phe

Gly

Leu

Ser

Thr

490

Ser

Val

ASpP

Glu
570

ASp

Ile

Leu

Glu

650

ASp

Agn

Agn

Gln

Pro

315

Gln

Tle

Ser

His

Val

395

Glu

His

Ser

475

Pro

Leu

Leu

Val

Gly

555

Ser

Leu

Leu

Asnh

Thr

635

Ile

Val

ASDP

Asnh

-continued

Ala

300

Pro

Leu

Thr

Ser

Leu

380

Leu

Val

Thr

Trp

460

ITle

Phe

ASDP

Leu

Gly

540

Ser

Glu

Tle

Val

Tvyr

620

ASDP

Leu

Gly

Thr
700

285

Gln

Glu

Glu

Phe

365

Ile

Glu

Glu

Asp

Lys

445

Ala

Leu

Ser

Ile

Ser

525

Phe

Gly

Ala

Glu

Trp

605

AsSn

Leu

Arg

Gln

Lys

685

Ser

Ala

Leu

Gly

350

Ala

Agn

Glu

Glu

ASP

430

Val

Leu

Pro

Ala

Val

510

Gly

Ser

Thr

Gln

ASP

590

Met

Val

Leu

Met

ATrg

670

Gly

Pro

Gln
Glu
335

Glu

Val

Pro

Gln

415

Gly

His

Ser

Pro

Ser

495

Ile

Glu

2la

ala

Lys

575

2la

ATrg

Gln

Tle

655

Tle

Gly

ASpP

US 8,252,975 B2

Ile

ITle

320

Tle

Glu

Pro
400
Tle

Glu

Leu

Gly
480

Ser

Glu

Ala

Lys

560

Ser

Thr

Phe

Pro

Agn

640

Met

Arg

Met

ASp

64



Val

705

Leu

ATg

Gly

Thr

AsSn

785

Gln

Hig

Glu

Pro

Ser

865

Ala

Leu

Gly

Ala

Ser

945

Leu

Glu

Asn

Val

Gly

Leu

ASp

Leu

770

Tle

Phe

ATy

Agn

850

Thr

AgSh

2la

Trp

Leu

530

Gly

Glu

Arg

Tle

Val

Leu

Gln

755

Met

AgSh

Val

Leu

835

Agn

Val

Pro

Leu

Agn

915

Phe

Ala

Ser

Tle

Leu

Ser

740

Ala

Gly

Pro

Leu

820

Leu

ATrg

ATg

Glu

Ser

900

Gln

Ala

Glu

Ile

Tle

980

ASP

Gln

Trp

725

Gly

Vval

Val

805

AsSp

Glu

Leu

Thr

Lys

885

Vval

Ala

Trp

Leu
965

Pro

Ala

710

Lys

ASpP

Gly

His

Lys

790

Ser

Hisg

Ala

Ala

870

Tle

ASpP

Leu

Ala

Tyr

950

Gly

Ala

Val

65

Leu
Thr
Arg
Leu
Ser
775
Thr
Gly
Val
Arg
AsSp
8L5
Val
Met
AsSp

Ser

Val
035
Hisg
Val

Gly

Leu

Tle

Leu

2la

Leu

760

Gly

Glu

Leu

Glu

Glu

840

Leu

Glu

Agn

Met

920

Leu

His

ASP

Ser

Arg Lys Thr Ala Asn Leu Gly Ser Trp

ASP

Agn

Tle

745

Ala

Gly

Pro

ASP

825

Glu

Leu

ATrg

Phe

Glu

905

Ser

ASDP

Leu

Gln

Ala
085

Glu

730

His

ASp

ASp

Glu

Ser
810

Leu

Phe

Gly

Tle

890

ASp

Agn

Arg

Leu

Trp

570

2la

Tle

715

Asnh

Ser

Leu

Leu

Gly

795

Gly

Agn

AYg

Leu

Tyr

875

Ser

Leu

Gly

Thr

Gln

oL5

Ala

Ser

-continued

Lys Ser Asp Phe

Gly

Glu

Gly

Glu

780

Phe

Phe

Val

Pro

ASpP

860

Glu

Leu

Val

Gly

ATYg

540

Pro

Leu

Leu

Tle

Pro

His

765

Ser

Met

Gln

Glu

Leu

845

Tle

Glu

Val

Asp

525

Leu

Ser

Asn

Ser

Thr

Agn

750

Ala

Val

ASP

Thr

830

Leu

Ala

Leu

Leu

Cys

910

Agn

Ala

Ala

Ile

Ser
990

Lys

735

Phe

Met

Tle

Gly

Leu

815

Leu

Leu

Leu

Agn

Glu

895

Leu

His

Leu

Glu

Phe

975

Leu

US 8,252,975 B2

ASpP
720

Glu

Ala
Val
800

Leu

Leu

ASDP
Asn
880

Agh

Trp

Ala

Tyr

960

Thr

Leu

06

995 1000 1005

Val Val Val Val

1020

Val Glu 2Ala
1015

Tle Ile

1010

Gln Ser Pro Val Gly Tvyr

ASp

Ile

Gly

Hig

Arg

Glu

Glu

1025

Leu

1040

Ala

1055

Val

1070

Phe

1085

Tle

1100

Val

1115

Leu

Val

Vval

Ser

ASP

Leu

Agn

Leu

Ala

Ala

Val

Pro

Leu

Glu

Ser

Leu

ATy

Agn

Leu

Tle

Val

Ser

Tle

Ala

Ile

Glu

Gln
1030

Val
1045

Thr
1060

Arg
1075

Leu
1090

Pro
1105

Leu
1120

Agn

Pro

Agn

Ala

Thr

Gln

Glu

Gly

ASP

Gly

ASP

Pro

Ser

Ile

Glu

Met

Leu

Ser

Ser

Tyr

Glu

Pro

Val

Gln

ASpP

Ser

Glu
1035

Glu
1050

Asp
1065

Cys
1080

Ala
1095

Tle
1110

Asn
1125

Lys

Ile

Val

Phe

Tle

Leu

Pro

Pro

Leu

Ala

Glu

Val

Thr

Asp

Ser

Thr

Gly

Ser

Glu
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67

-contilnued

Ala Glu Thr Ser Ala Thr Leu Arg Leu Val Lys Lys Gln Phe Gly
1130 1135 1140

Gly Cys Tyr Ala Ile Ser Ala Asp Glu Phe Thr Ser Glu Met Val
1145 1150 1155

Gly Ala Lys Ser Arg Asn Ile Ala Tyr Leu Lys Gly Lys Val Pro
1160 1165 1170

Ser Ser Val Gly Ile Pro Thr Ser Val Ala Leu Pro Phe Gly Val
1175 1180 1185

Phe Glu Lys Val Leu Ser Asp Asp Ile Asn Gln Gly Val Ala Lys
1190 1195 1200

Glu Leu Gln Ile Leu Met Lys Lys Leu Ser Glu Gly Asp Phe Ser
1205 1210 1215

Ala Leu Gly Glu Ile Arg Thr Thr Val Leu Asp Leu Ser Ala Pro
1220 1225 1230

Ala Gln Leu Val Lys Glu Leu Lys Glu Lys Met Gln Gly Ser Gly
1235 1240 1245

Met Pro Trp Pro Gly Asp Glu Gly Pro Lys Arg Trp Glu Gln Ala
1250 1255 1260

Trp Met Ala Ile Lys Lys Val Trp Ala Ser Lys Trp Asn Glu Arg
1265 1270 1275

Ala Tyr Phe Ser Thr Arg Lys Val Lys Leu Asp His Asp Tyr Leu
1280 1285 1290

Cys Met Ala Val Leu Val Gln Glu Ile Ile Asn Ala Asp Tyvr Ala
1295 1300 1305

Phe Val 1Ile His Thr Thr Asn Pro Ser Ser Gly Agp Asp Ser Glu
1310 1315 1320

Ile Tyr Ala Glu Val Val Arg Gly Leu Gly Glu Thr Leu Val Gly
1325 1330 1335

Ala Tyr Pro Gly Arg Ala Leu Ser Phe Ile Cys Lys Lys Lys Asp
1340 1345 1350

Leu Asn Ser Pro Gln Val Leu Gly Tyr Pro Ser Lys Pro Ile Gly
1355 1360 1365

Leu Phe 1Ile Lys Arg Ser Ile 1Ile Phe Arg Ser Asp Ser Asn Gly
1370 1375 1380

Glu Asp Leu Glu Gly Tyr Ala Gly Ala Gly Leu Tyr Asp Ser Val
1385 1390 1395

Pro Met Asp Glu Glu Glu Lys Val Val Ile Asp Tyr Ser Ser Asp
1400 1405 1410

Pro Leu Ile Thr Asp Gly Asn Phe Arg Gln Thr Ile Leu Ser Asn
1415 1420 1425

Ile Ala Arg Ala Gly His Ala Ile Glu Glu Leu Tyr Gly Ser Pro
1430 1435 1440

Gln Asp Ile Glu Gly Val Val Arg Asp Gly Lys Ile Tyr Val Val
1445 1450 1455

Gln Thr Arg Pro Gln Met
1460

<210> SEQ ID NO 3

<211> LENGTH: 3000

<212> TYPE: DNA

<213> ORGANISM: Triticum aestivum

<220> FEATURE:

«221> NAME/KEY: CDS

<222> LOCATION: (227)..(2623)

<400> SEQUENCE: 3



US 8,252,975 B2
69

-contilnued
ctccaccgeg gtggcggcceg ctctagaact agtggatcce ccgggctgca ggaattcggce 60
acgagcttcg gcctgacccece gttegtttac ccccacacag agcacactce agtccagtcce 120
agcccactgce caccgcgcta ctctceccacte ccactgceccac cacctceccgcece tgcecgececgcegc 180
tctgggcgga ccaacccgcecg aaccgtacca tctcecceccecgece cgatcece atg teg teg 235
Met Ser Ser
1
gcg gtc gcg tcece gee gca tee tte cte geg cte geg tca gec tece ccce 283
Ala Val Ala Ser Ala Ala Ser Phe Leu Ala Leu Ala Ser Ala Ser Pro
5 10 15
ggg aga tca cgc agg cgg gcg agg gtg agc gcg cag cca ccc cac gcc 331
Gly Arg Ser Arg Arg Arg Ala Arg Val Ser Ala Gln Pro Pro His Ala
20 25 30 35
ggg gcc ggc agg ttg cac tgg ccg ccg tgg ccg ccg cag cgc acg gdct 379
Gly Ala Gly Arg Leu His Trp Pro Pro Trp Pro Pro Gln Arg Thr Ala
40 45 50
cgc gac gga gct gtg gcg gcg ctc gcce gcc ggg aag aag gac gcg ggg 427
Arg Asp Gly Ala Val Ala Ala Leu Ala Ala Gly Lys Lys Asp Ala Gly
55 60 65
atc gac gac gcc gcc gcg tcece gtg agg cag ccc cgce gca ctce cgce ggt 475
Ile Asp Asp Ala Ala Ala Ser Val Arg Gln Pro Arg Ala Leu Arg Gly
70 75 80
ggc ¢gcc gcc acc aag dgtce gcg gag cga agg gat ccc gtc aag acg ctc 523
Gly Ala Ala Thr Lys Val Ala Glu Arg Arg Asp Pro Val Lys Thr Leu
85 90 05
gac cgc gac gcc gcg gaa ggc ggc ggg ccg tcece ccg ccg gca gdcg agg 571
Asp Arg Asp Ala Ala Glu Gly Gly Gly Pro Ser Pro Pro Ala Ala Arg
100 105 110 115
cag gac gcc gcc cgt ccg ccg agt atg aac ggc atg ccg gtg aac ggc 619
Gln Asp Ala Ala Arg Pro Pro Ser Met Asn Gly Met Pro Val Asn Gly
120 125 130
gag aac aaa tct acc ggc ggc ggc ggc gcg act aaa gac agc ggg ctg 667
Glu Asn Lys Ser Thr Gly Gly Gly Gly Ala Thr Lys Asp Ser Gly Leu
135 140 145
CCC acg ccc gca cgc gcg ccc cat ccg tcg acc cag aac aga gca Ccg 715
Pro Thr Pro Ala Arg Ala Pro His Pro Ser Thr Gln Asn Arg Ala Pro
150 155 160
gtg aac ggt gaa aac aaa gct aac gtc gcec tcg ccg ccg acg agce ata 763
Val Asn Gly Glu Asn Lys Ala Asn Val Ala Ser Pro Pro Thr Ser Ile
165 170 175
gcc gag gcc gcg gct tcecg gat tcece gca get acce att tcece atcec agce gac 811
Ala Glu Ala Ala Ala Ser Agsp Ser Ala Ala Thr Ile Ser Ile Ser Asp
180 185 190 195
aag gcg ccg gag tcc gtt gtc cca gct gag aag acg ccg ccg teg tcecc 859
Lys Ala Pro Glu Ser Val Val Pro Ala Glu Lys Thr Pro Pro Ser Ser
200 205 210
ggce tca aat ttc gag tcc teg geccec tcect gcect ccec ggg tcet gac act gtce 907
Gly Ser Asn Phe Glu Ser Ser Ala Ser Ala Pro Gly Ser Asp Thr Val
215 220 225
agc gac gtg gaa caa gaa ctg aag aag ggt gcg gtc gtt gtc gaa gaa 555
Ser Asp Val Glu Gln Glu Leu Lys Lys Gly Ala Val Val Val Glu Glu
230 235 240
gct cca aag cca aag gct ctt teg ccg cct gea gcecce ccc gect gta caa 1003
Ala Pro Lys Pro Lys Ala Leu Ser Pro Pro Ala Ala Pro Ala Val Gln
245 250 255
gaa gac ctt tgg gat ttc aag aaa tac att ggt ttc gag gag ccc gtg 1051
Glu Asp Leu Trp Asp Phe Lys Lys Tyr Ile Gly Phe Glu Glu Pro Val
260 265 270 275
gag gcc aag gat gat ggc cgg gct gtc gca gat gat gcg ggce tce ttt 1099



Glu

gaa
Glu

atg
Met

ggt
Gly

aga
ATrg
340

gaa
Glu

gat
ASP

gtg
Val

999
Gly

gcce
Ala
420

J99
Gly

ctyg
Leu

tac

ggc
Gly

gaa
Glu
500

Ct¢e
Phe

J99
Gly

gac
ASpP

atc
ITle

gac
ASP
580

cag

2la

cac
His

aac
Agn

ggt
Gly

325

g4ga
Gly

gcc
Ala

atg
Met

| e
Phe

gyc
Gly

405

gct
2la

gat
ASp

cCct
Pro

act
Thr

cct
Pro
485

cac
His

gcc
2la

tac

atc
Tle

gac
ASpP
565

gyc
Gly

cac
His

gtg
Val
210

ctyg

Leu

cat
His

tac

gaa
Glu

atct
Ile
390

agc

Ser

gtt
Val

gga
Gly

gtc
Val

c9Y
ATg

470

gta
Val

CLCcC
Phe

gcc
Ala

ctg
Leu

ata
Tle
550

aacC

Agn

tac

aag

ASP

cag
Gln
295

gtc
Val

gga
Gly

cgt
ATy

gat
ASP

gtg
Val
375

gac
ASP

aga
ATg

gag
Glu

aat
ASh

tat
Tyr
455

tcc
Ser

gat
ASP

aga
ATg

g9c
Gly

tgg
Trp

535

<99
ATy

atg
Met

acc
Thr

gag

Asp
280

aat
Asn

gtc
Val

gat
Asp

gtt
Val

gtc
Val
260

aat
Asn

gct
Ala

cag
Gln

gtt
Vval

ctyg
Leu
440

ctyg
Leu

att
Ile

gaa
Glu

ctyg
Leu

ctyg
Leu
520

gay
Glu

cag
Gln

gay
Glu

aac
ASn

gcc

Gly

cac
Hisg

gtg
Val

gtt
Vval

atg
Met
245

gga
Gly

tat

cct
Pro

gaa
Glu

cCa
Pro
425

gtg
Val

ddad

atg
Met

CtcC
Phe

tac
Tyr
505

aag
Lys

ctyg
Leu

aac
ASn

tgg
Trp

CtcC
Phe
585

ctyg

71

Arg

gac
Asp

gct
Ala

gcd
Ala
330

gtt
Val

gtc
Val

ctc
Phe

ctce
Leu

attc
Tle
410

tgg
Trp

ctt
Phe

gca
Ala

gtg
Val

ccyg
Pro
490

gac

AsSp

atg
Met

aag
Lys

gac
Asp

aac
Asn
570

tcc
Ser

cag

2la

tcc
Ser

gct
2la
315

ggt
Gly

gtg
Val

cga
ATy

cat
His

CCc
Phe
395

atg
Met

cac
His

att
Tle

tat
Tyr

ata
Ile
475

CLCcC
Phe

cCoc
Pro

gcg
2la

acyg
Thr

tgg
Trp

555

cCocC
Pro

ctyg
Leu

cgc

Val

gya
Gly

300

gayd
Glu

gct
Ala

gta
Val

dad

gct
Ala
280

cga
ATrg

aag
Lys

gtt
Val

gca
Ala

tac
Tyr
460

cat

Hig

acc
Thr

gtg
Val

gac
ASDP

gtg
Val
540

aag
Lys

gay
Glu

ag9y
ATrg

gag

Ala
285

cct
Pro

tgt
Cys

ctg
Leu

cca
Pro

tac
Tyzr
365

tat

cac
His

cgc
Arg

ccCca
Pro

aat
Agn
445

agd
Arg

aac
Agn

gay
Glu

ggt
Gly

cag
Gln
525

gay
Glu

acgc
Thr

gtg
Val

acg
Thr

ctg

ASpP

ttg
Leu

tct
Ser

‘olele
Pro

adgg
Arg

350

tac

atc
Ile

ATYg

atg
Met

tgc
Cys
430

gat
ASp

gac
ASpP

atc
Ile

ttg
Leu

ggt
Gly

510
gtt

Val

g9gc
Gly

cgc
Arg

gac
ASDP

ctyg
Leu
590

gyc

-continued

ASpP

gca
Ala

cCC
Pro

aag
Lys
335

gat
ASP

cag
Gln

attc
Tle
415

g9c
Gly

tgg
Trp

cat
His

gct
Ala

cct
Pro
495

gaa

Glu

gtc
Val

ggc
Gly

ggc
Gly

gcc
Ala
575

gac
ASDP

ctg

Ala

99Y
Gly

tgg
Trp

320

gct
Ala

999
Gly

gct
Ala

g9a
Gly

gaa
Glu
400

ttyg
Leu

ggt
Gly

cac
His

ggt
Gly

cac
Hig
480

gay
Glu

cac
His

gtg
Val

tgg
Trp

atc
ITle
560

cac
His

tcc
Ser

cag

Gly

gagd
Glu
205

tgc
Cys

ttg
Leu

gac
ASP

gct
2la

gtt
Val
285

gac
ASP

CLCcC
Phe

gtc
Val

acg
Thr

ttg
Leu
465

cag
Gln

cac
His

gcc
Ala

gtg
Val

999
Gly

545

gtc
Val

ctce
Leu

gyc
Gly

Ser
290

aat
ASh

aaa
Lys

gca
2la

tat
Tyr

gga
Gly

370

gat
ASP

atct
Ile

tgc
Cys

cct
Pro

gca
2la
450

atg
Met

gyc
Gly

tac
Tyr

aac
Agn

agc
Ser
530

ctt
Leu

aac
Agn

aag
Lys

aag
Lys

cgc

US 8,252,975 B2

Phe

gtc
Val

aca
Thr

aag
Lys

gaa
Glu
355

cag
Gln

CCt
Phe

tat
Tyr

aag
Lys

tat
Tyr
435

ctce
Leu

cag
Gln

cgt
ATrg

ctg
Leu

tac
Tyr
515

cCccC
Pro

cac
His

ggc
Gly

tcg
Ser

c9Y
ATrg

595

gcc

1147

1195

1243

1291

13395

1387

1435

1483

1531

1579

1627

1675

1723

1771

181595

1867

1915

1963

2011

2059

72



Gln

gac
ASP

gtg
Val

cag
Gln

cag
Gln
660

Ctc
Phe

ctce
Leu

atg
Met

gac
ASpP

acyg
Thr
740

tgc
Cys

gay
Glu

tac
Tvr

gtyg
Val

gayd
Glu

ctg
Leu
645

cac
His

toc
Sexr

atg
Met

gcc
2la

acc
Thr
725

| e
Phe

ctce
Leu

cgc
Arg

gay
Glu

cCcg
Pro

atc
Tle
630

gtg
Val

| e
Phe

gtg
Val

cCcC
Pro

tac
Tyr
710

gtg
Val

gac
ASP

cgc
Arg

gyc
Gly

gac
ASP
790

Glu

ctg
Leu
615

atc
Tle

atg
Met

gag
Glu

cgc
ATy

tcc

Ser
695

gyc
Gly

ccg
Pro

cgc
ATrg

accgc
Thr

atg
Met
775

gtc
Val

Ala
600

ctce
Leu

gcd
2la

ctyg
Leu

<99
Arg

ctyg
Leu
680

cy9Y
ATy

acgc
Thr

cCcg
Pro

gcc
Ala

tac
Tyr
760

tcyg
Ser

ctc
Leu

Leu

ggc
Gly

gac
ASpP

ggc
Gly

gay
Glu
665

gy
Ala

Ctce
Phe

gtc
Val

CtcC
Phe

gay
Glu
745

cga
ATrg

cag
Gln

gtc
Val

73

Gln

CtcC
Phe

gcc
Ala

acgc
Thr
650

cac
His

cac
His

gay
Glu

cCC
Pro

gac
AsSp
730

gCg
2la

gac
Asp

gac
Asp

aag
Lys

ATrg

atc
Ile

atg
Met
635

9499
Gly

cac
His

<9gY
ATy

cCcyg
Pro

gtc
Val
715

cCoc
Pro

cac
His

CCcC
Phe

CCc
Phe

gcc
Ala
7985

Glu

gyc
Gly

620

coc
Pro

cgc
Arg

gac
ASP

atc
Tle

tgc
Cys
700

gtg
Val

CLCc
Phe

aag
Lys

aag
Lys

agc
Ser
780

aag
Lys

Leu
605

cgc
ATrg

tgg
Trp

cac
His

aag
Lys

acg
Thr
685

999
Gly

cac
His

aac
Agn

ctg
Leu

gagd
Glu
765

tgg
Trp

tac
Tyr

Gly

ctyg
Leu

atc
ITle

gac
ASp

gtg
Val
670

gcg
Ala

ctyg
Leu

gcc
Ala

cac
His

atc
ITle
750

agc
Ser

gay
Glu

cag
Gln

-continued

Leu Gln Val Arg

gac
ASD

gtg
Val

ctyg
Leu
665

cgc
ATrg

g99
Gly

aac
Agn

gtc
Val

tcc
Ser
735

gag
Glu

tgg
Trp

cac
His

tgg
Trp

99Y
Gly

agc
Ser
640

gayd
Glu

999
Gly

gcd
Ala

cag
Gln

ggc
Gly

720

999
Gly

gCd
Ala

agg
Arg

gcc
Ala

cag
Gln
625

cag
Gln

agc
Ser

tgg
Trp

gac
ASP

ctc

Leu
705

gyc
Gly

ctce
Leu

ctce
Leu

gcc
Ala

gcc
Ala
785

610

aag
Lys

gac
ASP

atg
Met

gtg
Val

gcgd
Ala
690

tac

ctce
Leu

999
Gly

999
Gly

ctc
Leu
770

aag
Lys

tgaacgctag

US 8,252,975 B2

2la

gyc
Gly

gtg
Val

ctg
Leu

999
Gly

675
ctc

Leu

gcc
Ala

agdgy

tgg
Trp

cac
His
755

cag
Gln

ctc
Leu

ctgctagccg
ggaaagtgcc
agacgctgat
ttggtattgt
agtcggaggc
gtttggtagc
aaaaaaa

<210>
<211>

<«212>
<213>

SEQ I
LENGT
TYPE :

<400>

Met Ser Ser
1

ctccagcccc

atggagcgcc

tccaatcegy

aatttgttat

caagggcgaa

gcagtgcaaa

D NO 4
H: 799
PRT

SEQUENCE: 4

Ala Val Ala Ser

5

gcatgcgtgce
ggcatccgcg
ccegtagcecag
gttgtgtgca
agctagctca

cggcaagaat

atgacaggat
aagtacagtyg
agtagagcgy
ttattacaat

catgtctgat

gggaagtgaa

ORGANISM: Triticum aestivum

10

ggaactgcat

acatgaggtg

aggtatatgg

gttgttactt

ggatgcacgt

ttcctececty

tgcgcacgca

tgtgtggttg

gaatcttaac

attcttgtta

gccatggtty

cttgaaaaaa

2la Ala Ser Phe Leu 2Ala Leu Ala Serxr

15

Ala Ser Pro Gly Arg Ser Arg Arg Arg Ala Arg Val Ser Ala Gln Pro

20

25

30

Pro His Ala Gly Ala Gly Arg Leu His Trp Pro Pro Trp Pro Pro Gln

2107

2155

2203

2251

2299

2347

2395

2443

2491

2539

2587

2633

2693

2753

2813

2873

2933

2993

3000

74



ATg
ASpP
655

Leu

Ala

Val

Ser

145

ATrg

Thr

Tle

Pro

ASP

225

Val

Ala

Glu

Gly

Glu

305

Leu

ASP

Ala

Val

385

ASpP

Phe

Val

Thr

Thr

50

Ala

ATy

Thr

2la

Agn

130

Gly

2la

Ser

Ser

Ser

210

Thr

Glu

Val

Pro

Ser

290

Agn

2la

Gly
370
ASpP

Tle

Pro

2la
450

35

Ala

Gly

Gly

Leu

Arg

115

Gly

Leu

Pro

Ile

ASP

195

Ser

Val

Glu

Gln

Val

275

Phe

Val

Thr

Glu
355

Gln

Phe

Tyr
435

Leu

AT

Tle

Gly

ASP

100

Gln

Glu

Pro

Val

Ala

180

Gly

Ser

Ala

Glu

260

Glu

Glu

Met

Gly

ATg

340

Glu

ASDP

Val

Gly

Ala

420

Gly

Leu

AsSp

AsSp

Ala

85

Arg

Asp

Asn

Thr

AsSn

165

Glu

Ala

Ser

Asp

Pro

245

Asp

Ala

His

Asn

Gly

325

Gly

Ala

Met

Phe

Gly

405

Ala

Asp

Pro

Gly

ASP

70

Ala

ASP

Ala

Pro

150

Gly

Ala

Pro

Agn

Val

230

Leu

His
Val
210

Leu

Hisg

Glu

ITle

390

Ser

Val

Gly

Vval

7S

Ala

55

Ala

Thr

Ala

bAla

Ser

135

Ala

Glu

Ala

Glu

Phe

215

Glu

Pro

Trp

Asp

Gln

295

Val

Gly

Arg

Asp

Val

375

Asp

Arg

Glu

Asn

455

40

Val

Ala

2la

Arg

120

Thr

ATy

Agn

Ala

Ser

200

Glu

Gln

ASP

ASpP

280

Agn

Val

ASDP

Val

Val

360

Agn

2la

Gln

Val

Leu

440

Leu

Ala

Ala

Val

Glu

105

Pro

Gly

Ala

Ser

185

Val

Ser

Glu

Ala

Phe

265

Gly

His

Val

Val

Met

345

Gly

Pro

Glu

Pro
425

Val

ala

Sexr

2la

S0

Gly

Pro

Gly

Pro

2la

170

ASpP

Val

Ser

Leu

Leu
250

Arg

ASp

ala

2la

330

Val

Val

Phe

Leu

Tle

410

Trp

Phe

2la

Leu

Val

75

Glu

Gly

Ser

Gly

Hig

155

Agn

Ser

Pro

Ala

Lys

235

Ser

Ala

Ser

Ala

315

Gly

Val

AYg

His

Phe

395

Met

His

Ile

-continued

Ala

60

ATrg

AYg

Gly

Met

Gly

140

Pro

Val

Ala

Ala

Ser

220

Pro

Val

Gly

300

Glu

Ala

Val

Ala
380

AYg

Val

Ala

460

45

Ala

Gln

Arg

Pro

AsSn

125

Ala

Sexr

Ala

Ala

Glu

205

Ala

Gly

Pro

Ile

Ala

285

Pro

Leu

Pro

Tvr

365

His

Arg

Pro

Asn

445

Arg

Gly

Pro

ASP

Ser

110

Gly

Thr

Thr

Ser

Thr

120

Pro

Ala

Ala

Gly

270

ASP

Leu

Ser

Pro

ATrg

350

Tle

ATg

Met

Cys

430

ASP

ASP

Arg
Pro
o5

Pro

Met

Gln

Pro

175

Ile

Thr

Gly

Val

2la

255

Phe

ASpP

2la

Pro

Lys
335

ASpP

Gln

Tle

415

Gly

Trp

His

US 8,252,975 B2

Ala

80

Val

Pro

Pro

ASpP

Agh

160

Pro

Ser

Pro

Ser

Val

240

Pro

Glu

Ala

Gly

Trp

320

Ala

Gly

Ala

Gly

Glu

400

Leu

Gly

His

Gly

76



Leu

465

Gln

Hisg

Ala

Val

Gly

545

Val

Leu

Gly

Val

Gln

625

Gln

Ser

Trp

ASp

Leu

705

Gly

Leu

Leu

Ala

Ala
785

<210>
<211>
<«212>
<213>
<220>
«221>
<222>

Met

Gly

Agn
Ser
530

Leu

AgSh

ATrg

610

ASp

Met

Val

2la
690

Leu

Gly

Gly

Leu
770

Gln

Leu

Tyzr

515

Pro

Hig

Gly

Ser

ATg

595

Ala

Gly

Val

Leu

Gly

675

Leu

Ala

ATg

Trp

His

755

Gln

Leu

Gly

Glu

500

Phe

Gly

ASP

Tle

ASP

580

Gln

ASDP

Val

Gln

Gln

660

Phe

Leu

Met

ASP

Thr

740

Glu

<400> SEQUENCE:

atg
Met
1

gcc
Ala

tct
Ser

tct
Ser

agc
Ser

agc
Ser

gcd
Ala

gcd
Ala

Thr
Pro
485

His

Ala

Ile
AsSp
565

Gly

Vval

Glu

Leu

645

His

Ser

Met

2la

Thr

725

Phe

Leu

Glu

SEQ ID NO b5
LENGTH:
TYPE: DNA
ORGANISM:
FEATURE:

NAME /KEY :
LOCATION:

2433

Oryza sativa

CDS

ATYg

470

Vval

Phe

Ala

Leu

ITle

550

ASh

Pro

ITle

630

Val

Phe

Val

Pro

Tyr

710

Val

ASpP

ATg

Gly

ASpP
790

77

Ser

Asp

Arg

Gly

Trp

535

Arg

Met

Thr

Glu

Leu

615

Ile

Met

Glu

Arg

Ser

695

Gly

Pro

Arg

Thr

Met

775

Val

(1) ..{2430)

5

Tle

Glu

Leu

Leu

520

Glu

Gln

Glu

Agn

Ala

600

Leu

2la

Leu

ATrg

Leu

680

Arg

Thr

Pro

Ala

Tyr

760

Ser

Leu

gtg gtt gcg tcc
Val Val Ala Ser

5

agc <4y gyc 4gg9y
Ser Arg Gly Gly

Met

Phe

Tyr

505

Leu

Agn

Trp

Phe

585

Leu

Gly

ASP

Gly

Glu

665

Ala

Phe

Val

Phe

Glu

745

ATrg

Gln

Val

agc
Ser

cca
Pro

Val

Pro
4G0

ASpP

Met

ASpP

AgSh

570

Ser

Gln

Phe

2la

Thr

650

His

His

Glu

Pro

ASpP
730

2la

ASpP

ASp

aca
Thr
10

cgt
Arg

Tle

475

Phe

Pro

Ala

Thr

Trp

555

Pro

Leu

AYg

ITle

Met

635

Gly

His

ATYg

Pro

Val

715

Pro

His

Phe

Phe

Ala
795

act
Thr

agy
ATrg

-continued

Hig Asn Ile Ala

Thr

Val

ASDP

Val

540

Glu

ATYg

Glu

Gly

620

Pro

ATrg

ASpP

Ile

Cys

700

Val

Phe

Ser
780

Ctt
Phe

999
Gly

Glu

Gly

Gln

525

Glu

Thr

Val

Thr

Leu

605

Arg

Trp

His

Thr
685

Gly

His

Asn

Leu

Glu

765

Trp

ctc
Leu

cgc
Arg

Leu

Gly

510

Val

Gly

ATg

ASP

Leu

590

Gly

Leu

Ile

ASP

Val

670

Ala

Leu

Ala

Hig

Tle

750

Ser

Glu

Gln

gtc
Val

gtc
Val

Pro

495

Glu

Val

Gly

Gly

Ala

575

ASpP

Leu

ASP

Val

Leu

655

Arg

Gly

Agn

Val

Ser

735

Glu

Trp

His

Trp

gca
2la
15

gtg
Val

US 8,252,975 B2

His

480

Glu

His

Val

Trp

Ile

560

His

Ser

Gln

Gly

Ser

640

Glu

Gly

2la

Gln

Gly

720

Gly

Ala

ATrg

Ala

ctt
Leu

gyc
Gly

48

56

78



gtg
Val

gcc
Ala

gcd
Ala
65

gay
Glu

gcc
Ala

adaad

gac
ASp

caa
Gln
145

gac
ASP

aag

ccyg
Pro

CtcC
Phe

aat

Agn
225

gca
Ala

gcd
Ala

CtcC
Phe

gat
ASpP

gac
ASp
305

gtg
Val

ctt
Leu

gcc
2la

ctg
Leu
50

ggt
Gly

c99Y
ATy

tgg
Trp

cgt
Arg

gcc
2la
120

gac
ASpP

gac
ASpP

cct
Pro

gac
ASpP

gtc
Val
210

cCc
Pro

gay
Glu

act
Thr

aag
Lys

gac
ASpP
290

cag
Gln

atc
Tle

gya
Gly

gct
Ala
35

cgc
Arg

gtt
Val

gcc
Ala

cag
Gln

cgc
ATrg
115

gct
Ala

gca
Ala

aca
Thr

gcc
Ala

tCcC

Ser
195

atc
Tle

agd

gat
ASP

aga
ATg

aaa
Lys
275

gat
ASP

gat
ASP

gtg
Val

gat
ASP

20

cCc
Pro

gcc
Ala

gtc
Val

gyc
Gly

cCca
Pro
100

ggt
Gly

<99
ATrg

gcd
Ala

cct
Pro

gcc
Ala
180

CCC

Pro

cca
Pro

tcg
Ser

aag
Lys

tct

Ser
260

tat

gat
ASP

gac
ASDP

gtg
Val

gtt
Val

cCca
Pro

cCct
Pro

agd
Arg

gayd
Glu
85

cCcg
Pro

acc
Thr

gtg
Val

tcyg
Ser

gcc
Ala
165

gcc
Ala

gtyg
Val

gac
AsSp

tcc
Ser

agc
Ser
245

tcc
Ser

CttC
Phe

gac
AsSp

gat
AsSp

gct
2la
325

gca
Ala

gcce
Ala

cCcg
Pro

<99
ATrg

70

gac
ASP

cgt
ATg

gtg
Val

aga
ATrg

tcCct

Ser
150

tca
Ser

acyg
Thr

atc
Tle

gcd
Ala

gct
Ala
230

gca
Ala

cct
Pro

gat
ASpP

tgg
Trp

tcyg
Ser
210

gct
Ala

ggt
Gly

79

cte
Leu

cca
Pro
55

gct
Ala

gat
Asp

tca
Ser

ccyg
Pro

gga
Gly

135

aag

Cy9Y
Arg

ccyg
Pro

ctt
Leu

acyg
Thr
215

cct
Pro

adaad

att
ITle

ctyg
Leu

gct
Ala
295

ggt
Gly

gaa
Glu

gct
Ala

ctyg
Leu
40

cCcc
Pro

gat
ASpP

gac
ASP

agy
ATy

cCca
Pro
120

gcc
2la

aat
Agh

aac
ASn

cCcyg
Pro

cCca

Pro
200

gcgd
2la

ctce
Leu

gtt
Val

cct
Pro

aac
Agn
280

gat
ASP

cCct
Pro

tgt
Cys

tta
Leu

25

tat

cgc
Arg

gac
ASP

gay
Glu

cgc
ATrg
105

gtc
Val

gcg
Ala

gyc
Gly

g9ga
Gly

gtg
Val
185

tcc
Ser

ccg
Pro

coc
Pro

gtt
Val

gcd
Ala
265

gaa
Glu

tca
Ser

ttyg
Leu

tct
Ser

coc
Pro

gac
ASp

cct
Pro

9499
Gly

gagd
Glu
90

ggt
Gly

g4ya
Gly

gca
2la

gcd
Ala

tcg
Ser
170

acgc
Thr

gta
Val

gcd
2la

aag
Lys

gagd
Glu
250

gta

Val

ccyg
Pro

gat
ASp

gct
2la

cCcC
Pro
230

aag

999
Gly

aga
Arg

gagy
Glu
75

gay
Glu

gya
Gly

agy
ATrg

‘el
Pro

Cctt

Leu
155

gtc
Val

ata
Ile

gac
ASpP

CcCcyg
Pro

cCct

Pro
235

Ser

gaa
Glu

gac
ASDP

gcd
Ala

999
Gly

315

tgg
Trp

gct
Ala

-continued

aga
ATYg

cct
Pro
60

aac
ASn

gay
Glu

gtt
Val

tac

gct
Ala
140

ttyg
Leu

gtt
Val

acyg
Thr

aag

cCa

Pro
220

gac
ASD

gct
Ala

gay
Glu

gcc
Ala

tca
Ser
200

gag
Glu

tgc
Cys

ttyg
Leu

gct
Ala
45

agd
Arg

gay
Glu

CtcC
Phe

ggc
Gly

ggc
Gly

125
cca

Pro

tca
Ser

acc
Thr

aag

cCcg
Pro
205

cCcyg

Pro

aat
Asn

cCcg
Pro

gay
Glu

gcd
Ala
285

gat
Asp

aat
ASn

adad

gcd
Ala

30

ggc<
Gly

cgc
Arg

gcc
2la

tcg
Ser

aag
Lys
110

tcc
Ser

gca
Ala

gyc
Gly

gyc
Gly

ctc

Leu
190

cag
Gln

coc
Pro

tcyg
Ser

aag
Lys

acg
Thr
270

gay
Glu

tct
Ser

gtc
Val

aca
Thr

agy
ATrg

adg9y
Arg

agd
Arg

gca
Ala

tcc
Ser
o5

gtc
Val

ggt
Gly

ccyg
Pro

agg9
Arg

gcc
ala
175

cca
Pro

ccyg
Pro

ggt
Gly

gaa
Glu

cCca

Pro
255

tgg
Trp

gat
ASP

gayd
Glu

atg
Met

ggt
Gly

335

aga
Arg

US 8,252,975 B2

cta
Leu

gat
ASp

gtg
Val
80

9499
Gly

ctce
Leu

gya
Gly

acg
Thr

gat
ASp
160

gac
ASpP

gcd
Ala

gay
Glu

tca
Ser

CLCtL
Phe
240

aag
Lys

gat
ASpP

gyc
Gly

atc
Tle

aac
Agn
320

999
Gly

gya
Gly

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

80



cat
His

cag
Gln

gaa
Glu
385

attc
ITle

aac
Agn

gtt
Val

ggc
Gly

gtt
Val
465

cgc
ATg

gta
Val

CtcC
Phe

gcd
Ala

CtcC

Leu
545

ata

Tle

tac

aag
Lys

ccyg
Pro
625

atc
Tle

gtg
Val

cgt
Arg

gat
ASp
370

gtg
Val

gac
ASpP

aga
Arg

gayd
Glu

aac
Agn
450

tat

tct
Ser

gat
ASpP

aag
Lys

gyc
Gly

530

tgg
Trp

<99
Arg

C99
ATy

gcc
2la

gcd
2la
610

ctyg
Leu

atc
Tle

ctyg
Leu

gtt
Val
355

gta
Val

dad

gct
Ala

cag
Gln

gtt
Val
435

ttyg
Leu

ctg
Leu

gtc
Val

gaa
Glu

ctg
Leu
515

ctg
Leu

gag
Glu

gay
Glu

gay
Glu

aac
Agn
595

gcd
Ala

atc
Tle

ggc
Gly

ctg
Leu

340

atg
Met

gga
Gly

tat

cct
Pro

gaa
Glu
420

cct
Pro

gtg
Val

aag
Lys

ctt
Leu

Ctce
Phe
500

tac

aag
Lys

ctg
Leu

aac
ASn

tgg
Trp

580

tac

ctg
Leu

999
Gly

gac
ASDP

gyc
Gly

gtt
Vval

atc
ITle

Ctc
Phe

ctc
Leu
405

atc
Ile

tgg
Trp

Ct¢
Phe

gca
Ala

gtg
Val
485

cCC
Pro

gac
AsSp

atg
Met

aag

gac
AsSp
565

aac
Agn

acc
Thr

cag
Gln

Ct¢
Phe

gcd
2la
645

tcc
Ser

gtc
Vval

agd
ATrg

cat
His
3290

CtcC
Phe

atg
Met

cac
His

ctt
Leu

tat
Tyr
4°70

ata
ITle

tac

cCcC
Pro

gcd
Ala

acyg
Thr
550

tgg
Trp

cCcyg
Pro

gtg
Val

cgc
ATrg

atc
Tle
630

atg
Met

ggc
Gly

81

gta
Val

aaa
Lys
375

gca
Ala

cgt
Arg

aag
Lys

gtt
Val

gca
Ala
455

tac

cat
Hisg

atg
Met

gtc
Val

gac
AsSp
535

acy
Thr

aag

gay
Glu

gcc
Ala

gagd
Glu
615

999
Gly

ccyg
Pro

cgc
Arg

cCa
Pro
360

tac

CLCt
Phe

cac
His

cgc
ATy

cCca
Pro
440

aac
Agsn

aga
ATrg

aat
Agn

gaa
Glu

gyc
Gly

520

cy9Y
ATrg

gagy
Glu

atg
Met

gtg
Val

tcg
Ser
600

ctyg
Leu

¢99Y
ATrg

tgg
Trp

cgc
ATrg

345

adggy
Arg

tac

atc
Tle

cgt
ATg

atg
Met
425

tgc
Cys

gat
ASDP

gac
ASP

atc
Ile

ttg
Leu
505

gyc
Gly

gtg
Val

ggc
Gly

aac
ASn

gac
ASP
585

ctg
Leu

9499
Gly

ctce
Leu

atc
Tle

gac
ASDP

tac

aag
Lys

gac
ASp

cag
Gln
4710

att
Ile

ggt
Gly

tgg
Trp

aat
AgSh

gct
ala
490

ccyg
Pro

gay
Glu

gtg
Val

ggc
Gly

gyc
Gly

570

gtg
Val

gac
ASpP

ctg
Leu

gac
ASp

gcc
2la
650

ctg
Leu

ggt
Gly

gct
Ala

gya4a
Gly

395

gat
ASDP

ctyg
Leu

ggt
Gly

cac
His

g9gc
Gly

475

tac

gay
Glu

cac
His

ace
Thr

tgg
Trp

555

atc
Ile

cac
His

tcc
Ser

gagy
Glu

999
Gly

635

999
Gly

gay
Glu

-continued

gat
ASD

gct
Ala
280

gtt
Val

gac
ASP

CttC
Phe

gtg
Val

act
Thr
460

atg
Met

cag
Gln

cac
His

gcc
Ala

gtg
Val
540

g9c
Gly

gtg
Val

ctyg
Leu

agc
Ser

gtg
Val
620

cag
Gln

cag
Gln

gtg
Val

tac
Tyr
365

gg9a
Gly

gat
Asp

atc
Ile

tgt
Cys

coc
Pro
445

gca

Ala

atg
Met

ggc
Gly

tac

aac

AsSn
525

agc

Ser

ctce
Leu

aac
Agn

cag
Gln

aag
Lys
605

cgc
Arg

adda

gac
Asp

atg
Met

350

gcd
Ala

cag
Gln

CCct
Phe

cat

aag
Lys
430

tat

ctce
Leu

cag
Gln

cgt
ATg

ctg
Leu
510

atc
Tle

coc
Pro

cac
His

gyc
Gly

tcc
Ser
590

cCcg
Pro

gac
ASP

ggt
Gly

gtg
val

ctyg
Leu

gaa
Glu

gat
ASpP

gtg
Val

999
Gly

415

gct
2la

999
Gly

ctg
Leu

tac

gyc
Gly

495

gat
ASP

CLCcC
Phe

gyc
Gly

gac
ASpP

atc
Tle
575

gac
ASP

c9Y
Arg

gac
ASpP

gtg
Val

cag
Gln
655

cag
Gln

US 8,252,975 B2

gcc
Ala

ctyg
Leu

CCc
Phe
400

9499
Gly

gct
2la

gat
ASp

cct
Pro

act
Thr
4830

cca
Pro

cac
His

gyc
Gly

tac

atc
Tle
560

gac
ASp

gyc
Gly

tgc
Cys

gtg
Val

gac
ASDP
640

ctg
Leu

c9Y
Arg

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728

1776

1824

1872

1920

1968

2016

32



Ct¢e
Phe

gtg
Val

cCcg
Pro
705

tac

gtg
Val

gac
ASpP

gag
Glu

ggc
Gly

785

gay
Glu

gag
Glu

aag
Lys
690

tcg
Ser

gyc
Gly

tcg
Ser

cgc
Arg

acyg
Thr
770

atg
Met

gtc
Val

gcd
Ala
675

atg
Met

<99
Arg

acc
Thr

gcd
Ala

gcc
Ala
755

tac

tcg
Ser

ctt
Leu

660

cag
Gln

gcgd
Ala

Ctce
Phe

gtc
Val

CLCcC
Phe
740

gay
Glu

cgc
ATrg

cag
Gln

gtc
Val

cac
His

cac
His

gay
Glu

cCCC
Pro
725

gac
Asp

cCcg
Pro

aag
Lys

gac
Asp

aag
Lys
805

<210> SEQ ID NO o

<211> LENGTH:

«212> TYPE:

<213> ORGANISM: Oryza sativa

PRT

<400> SEQUENCE:

Met
1

Ala

Val

Ala

Ala

65

Glu

Ala

ASP

Gln
145

ASP

Sexr

Ser

2la

Leu

50

Gly

ATy

Trp

Arg

ala

130

ASpP

ASpP

Pro

Ser

Ser

Ala

35

Arg

Val

Ala

Gln

ATrg

115

Ala

Ala

Thr

Ala

Ala

Ala

20

Pro

Ala

Val

Gly

Pro

100

Gly

ATJg

Ala

Pro

Ala

810

6

Val
5

Ser

Pro

Pro

Arg

Glu

85

Pro

Thr

Val

Ser

Ala
165

Ala

aac
Agn

<9Y
ATrg

cCcg
Pro
710

gtc

Val

cCcyg
Pro

cac
His

tac

Ctc

Leu
790

gcc
Ala

Val

ATrg

Ala

Pro

ATrg

70

ASP

ATrg

Val

ATg

Ser

150

Ser

Thr

83

agc
Ser

atc
Tle
695

tgc

Cvs

gtg
Val

Ctc
Phe

aag
Lys

aag
Lys
775

agc

Ser

aag
Lys

Ala
Gly
Leu
Pro
55

Ala
Asp
Ser
Pro
Gly
135

Arg

Pro

aag
Lys
680

acyg
Thr

gyc
Gly

cac
His

gay
Glu

ctce
Leu
760

gagy
Glu

Trp

tac
Tyr

Ser

Gly

Leu

40

Pro

ASP

ASP

Arg

Pro

120

Ala

Agn

Agn

Pro

665

gtg
Val

gcd
Ala

ctc
Leu

gcc
Ala

gac
ASP
745

atc

Tle

agc
Ser

gac
ASP

caa
Gln

Ser

Pro
25

ASDP

Glu

Arg

105

Val

Ala

Gly

Gly

Val

cgc
Arg

gyc
Gly

aac
Agn

gtc
Val
720

acc
Thr

gayd
Glu

tgg
Trp

cac
His

tgg
Trp

810

Thr
10

ASpP

Pro

Gly

Glu

50

Gly

Gly

ala

2la

Ser
170

Thr

999
Gly

gcc
Ala

cag
Gln
715

gyc
Gly

gyc
Gly

gcd
Ala

adgg
ATrg

gcc
Ala
795

Thr

ATrg

Gly

Arg

Glu

75

Glu

Gly

ATrg

Pro

Leu

155

Val

ITle

-continued

tgg
Trp

gac
ASDP
700

ctc
Leu

999
Gly

ctce
Leu

ctce
Leu

999
Gly

780

gcc
Ala

Phe

Gly

AYg

Pro

60

ASn

Glu

Val

Ala
140

Leu

Val

Thr

gtg
val
685

gtg
Val

tac

ctyg
Leu

999
Gly

ggc
Gly

765

ctce
Leu

gay
Glu

Leu

Arg

Ala

45

Arg

Glu

Phe

Gly

Gly

125

Pro

Ser

Thr

670

999
Gly

ctg
Leu

gcc
2la

agy
ATg

tgg
Trp

750
cac

His

cag
Gln

ctc
Leu

Val

Val

30

Gly

Arg

Ala

Ser

Lys

110

Ser

Ala

Gly

Gly

Leu

|l e
Phe

gtc
Val

atg
Met

gac
ASP
735

acyg

Thr

tgc
Cys

gtg
Val

tac

Ala

15

Val

Arg

Arg

2la

Ser

55

Val

Gly

Pro

Arg

2la
175

Pro

US 8,252,975 B2

tcyg
Ser

atg
Met

gcgd
2la
720

aCccC

Thr

CLCcC
Phe

ctyg
Leu

Ccgc
Arg

gagd
Glu
800

Leu

Gly

Leu

ASp

Val

80

Gly

Leu

Gly

Thr

ASDP

160

ASpP

Ala

2004

2112

2160

2208

2256

2304

2352

2400

2433

34



Pro

Phe

Agn

225

Ala

Ala

Phe

ASpP

ASpP

305

Val

Leu

Hig

Gln

Glu

385

Ile

ASh

Val

Gly

Val

4165

ATrg

Val

Phe

Ala

Leu

545

Tle

ASpP
Val

210

Pro

Glu

Thr

ASp

290

Gln

Ile

Gly

Arg

ASpP

370

Val

ASpP

Arg

Glu

Agn

450

Ser

ASpP

Gly

530

Trp

ATrg

Arg

2la

Ser
195

Tle

ASP

Arg

Lys

275

ASP

ASP

Val

ASP

Val

355

Val

Ala

Gln

Val

435

Leu

Leu

Val

Glu

Leu

515

Leu

Glu

Glu

Glu

Agn
595

180

Pro

Pro

Ser

Ser
260

ASP

ASP

Val

Val

340

Met

Gly

Pro
Glu
420

Pro

Val

Leu

Phe
500

Leu

Agn

Trp
580

Val

AsSp

Ser

Ser

245

Ser

Phe

AsSp

AsSp

Ala

325

Ala

Val

Ile

Phe

Leu

405

ITle

Trp

Phe

2la

Val

485

Pro

Asp

Met

AsSp
565

Asn

Thr

Ile

Ala

Ala

230

Ala

Pro

ASpP

Trp

Ser

310

Ala

Gly

Val

ATg

His

390

Phe

Met

His

Leu

Tyr

470

Tle

Pro

Ala

Thr

550

Trp

Pro

Vval

85

Leu
Thr

215

Pro

Tle
Leu
Ala
295
Gly
Glu
Ala
Val
Lys
375

Ala

Arg

Val
Ala
455
His
Met
Val
Asp

535

Thr

Glu

bAla

Pro

200

Ala

Leu

Val

Pro

Agn

280

ASpP

Pro

Leu

Pro

360

Phe

His

Arg

Pro

440

Agn

Arg

Agn

Glu

Gly

520

ATy

Glu

Met

Val

Ser
600

185

Ser

Pro

Pro

Val

Ala

265

Glu

Ser

Leu

Ser

Pro

345

ATrg

Tle

ATrg

Met

425

ASP

ASDP

Tle

Leu

505

Gly

Val

Gly

ASn

ASP

585

Leu

Val

Ala

Glu

250

Val

Pro

ASp

2la

Pro
330

ASp

Gln

410

Tle

Gly

Trp

Agn

2la

490

Pro

Glu

Val

Gly

Gly

570

Val

ASp

ASDP

Pro

Pro

235

Ser

Glu

ASDP

Ala

Gly

315

Trp

Ala

Gly

Ala

Gly

395

ASDP

Leu

Gly

His

Gly

475

Glu

His

Thr

Trp

555

ITle

His

Ser

-continued

Pro

220

ASp

Ala

Glu

Ala

Serx

300

Glu

Leu

ASpP

Ala

380

Val

ASDP

Phe

Val

Thr

460

Met

Gln

His

Ala

Val

540

Gly

Val

Leu

Ser

Pro

205

Pro

ASn

Pro

Glu

Ala

285

Asp

AsSn

Ala

Tyr

365

Gly

Asp

Ile

Pro
445
Ala

Met

Gly

AsSn

525

Ser

Leu

ASn

Gln

Lys
605

190

Gln

Pro

Ser

Thr

270

Glu

Ser

Val

Thr

Arg

350

Ala

Gln

Phe

Lys

430

Leu

Gln

ATrg

Leu

510

Tle

Pro

His

Gly

Ser

590

Pro

Pro

Gly

Glu

Pro

255

Trp

ASP

Glu

Met

Gly

335

Arg

Glu

ASP

Val

Gly

415

Ala

Gly

Leu

Gly

495

ASP

Phe

Gly

ASpP

Tle
575

ASP

Arg

US 8,252,975 B2

Glu

Ser

Phe

240

ASp

Gly

Tle

Agn

320

Gly

Gly

b2la

Leu

Phe

400

Gly

Ala

ASDP

Pro

Thr

480

Pro

Hig

Gly

ITle
560

ASDP

Gly

86



Pro

625

Tle

Val

Phe

Val

Pro

705

Val

ASp

Glu

Gly

785

Glu

<210>
<211>
<«212>
<213>
<220>
«221>
<222 >

<400>

atg
Met
1

ggc
Gly

cag
Gln

agc
Ser

cag
Gln
65

gcce
Ala

aag

gct
Ala

2la
610

Leu

Tle

Leu

Glu

Lys
690

Sexr

Gly

Ser

ATrg

Thr
770

Met

Val

tcg
Ser

atc
Tle

gyc
Gly

gtg
Val
50

cgt
Arg

ggc<
Gly

acc
Thr

gcd
2la

2la

Tle

Gly

Leu

Ala

675

Met

Thr

Ala

Ala
755

Ser

Leu

gct
Ala

gcc
Ala

ctc
Leu
35

acg
Thr

gyc
Gly

atg
Met

ggc
Gly

aat
Agn

Leu

Gly

ASP

Gly

660

Gln

Ala

Phe

Val

Phe

740

Glu

ATg

Gln

Val

SEQUENCE :

ctce
Leu

gac
ASP
20

aag
Lys

acc
Thr

agc
Ser

aac
Agn

gyc
Gly

100

gyc
Gly

Gln

Phe

2la

645

Ser

His

Hig

Glu

Pro

725

Asp

Pro

AsSp

Lys
805

SEQ ID NO 7
LENGTH:
TYPE: DNA
ORGANISM:
FEATURE:

NAME /KEY :
LOCATION:

1830

Oryza sativa

CDS

ATYg

Tle

630

Met

Gly

Agn

ATg

Pro

710

Val

Pro

His

Leu
790

Ala

87

Glu
615
Gly
Pro
Arg

Ser
ITle
695
Val

Phe

Lys
775

Ser

(1) ..{(1827)

cCC
Pro

agc
Ser

cd9

gtc
Vval
a5

ctc
Leu

cac
His

acyg
Thr

tcg
Ser

cgc
ATg

gcd
Ala

ayy
ATrg

70

gtg
Val

ggt
Gly

ayy
ATrg

tcc
Ser

gy
Ala

agc
Ser

cgc
Arg
55

Ctc
Phe

ct¢e
Phe

gac
Asp

gtc
Val

Leu

Arg

Trp

ATy

Lys

680

Thr

Gly

His

Glu

Leu

760

Glu

Trp

cag
Gln

CCg
Pro

CcCC
Pro
40

gcgd
Ala

cCoc
Pro

gtc
Val

gtc
Val

atg
Met

Gly

Leu

Tle

ASP
665

Val

Ala

Leu

Ala

ASP
745

Tle

Ser

ASP

Gln

ctce
Leu

tcyg
Ser
25

gcc
Ala

acg
Thr

tcc
Ser

ggc
Gly

ctc
Leu
105

gtg
Val

Leu

ASp

2la
650

Leu

Arg

Gly

AgSh

Val
720

Thr

Glu

Trp

His

Trp
810

gcc
2la
10

tcyg
Ser

gyc
Gly

coc
Pro

gtc
Val

gcc
2la
90

ggt
Gly

atc
Tle

Glu

Gly

635

Gly

Glu

Gly

Ala

Gln
715

Gly

Gly

Ala

ATYg

Ala
795

ace
Thr

ctg
Leu

gyc
Gly

aag

gtc
Val
75

gagy
Glu

g9gc
Gly

tct
Ser

-continued

Val Arg Asp Asp

620

Gln

Gln

Val

Trp

ASP

700

Leu

Gly

Leu

Leu
Gly
780

Ala

tcg
Ser

ctc
Leu

gac
ASP

cag
Gln
60

gtg
Val

atg
Met

ctce
Leu

cct
Pro

Lys

Asp

Met

Vval
685

Val

Leu

Gly

Gly
765

Leu

Glu

gcc
Ala

Ccgc
Arg

gcd
Ala
45

cag
Gln

tac

gcc
Ala

CCC
Pro

cYyY
Arg

Gly

Val

Leu
670

Gly

Leu

Ala

ATrg

Trp
750

His

Gln

Leu

acc
Thr

cac
His
30

acyg

Thr

c9Y
ATg

gcc
Ala

cCoc
Pro

cct
Pro
110

tac

Val

Gln
655

Gln

Phe

Val

Met

ASpP
735

Thr

Val

g9c
Gly

15

999
Gly

tcg
Ser

tcg
Ser

acc
Thr

tgg
Trp

o5

gcc
2la

gac
ASP

US 8,252,975 B2

Val

ASp
640

Leu

Arg

Ser

Met

Ala

720

Thr

Phe

Leu

ATrg

Glu
800

CLC¢
Phe

CCc¢
Phe

ctce
Leu

gtg
Val

gyc
Gly

80

agc
Ser

atg
Met

cag
Gln

48

O6

144

192

240

288

336

384

88



tac

gac
ASpP
145

gac
ASpP

aag
Lys

gac
ASP

cct
Pro

ggt
Gly

225

gy
Ala

gca
Ala

gct
Ala

tcc
Ser

atc
Tle
305

gtg
Val

tgc

aac
Agn

acc
Thr

aag
Lys
385

cCa
Pro

gtc
Val

gtt
Val

aag
Lys
130

agd
Arg

cgt
Arg

acc
Thr

aac
Agn

ag9y
Arg

210

gag
Glu

agc
Ser

aag
Lys

| e
Phe

CLCcC
Phe
290

aac
Agn

agc
Ser

gay
Glu

gyc
Gly

gcc
2la
370

gayd
Glu

ctyg
Leu

atg
Met

ctt
Leu

115

gac
ASP

tac

gtg
Val

ggt
Gly

cag
Gln
195

atc
Tle

gat
ASP

tac

gtt
Val

gayd
Glu
275

gat
ASP

tgg
Trp

cCcyg
Pro

ctc
Leu

atg
Met
355

aag
Lys

gcd
Ala

atc
Tle

gcc
Ala

ctg
Leu

gct
Ala

gay
Glu

Ctce
Phe

gagd
Glu
180

atg
Met

cta
Leu

gtt
Val

ctg
Leu

gct
Ala
260

gat

ASP

CCcC
Phe

atg
Met

tac

gac
ASP
340

gac
ASP

tac

ttg
Leu

gcg
Ala

gcc
Ala
420

ggt
Gly

tgg
Trp

agy

atc
Tle
165

aag

Lys

cgt

aac
ASn

gtg
Val

aag
Lys
245

| e

Phe

tac

atc
Tle

aag

tac
Tyr
325

aac
Agn

gtc
Val

gac
Asp

cag
Gln

Ct¢
Phe
405

gcc
2la

act
Thr

gat
ASpP

gtg
Val
150

gac
ASP

atc
ITle

CtcC
Phe

ctce
Leu

Cte
Phe
230

aac
ASn

tgc

cct
Pro

gac
ASpP

gcc
Ala
310

gcc
Ala

atc
Tle

agc
Ser

gca
Ala

gcd
Ala
290

atc
Tle

atc
Tle

gga
Gly

89

acc
Thr
135

agd
Arg

cat
His

tac

agc
Ser

aac
Asn
215

gtc
Val

aac
ASn

atc
ITle

gay
Glu

999
Gly

295

gga
Gly

gag
Glu

atg
Met

gay
Glu

acc
Thr
375

gagd
Glu

ggc
Gly

ccyg
Pro

aag
Lys

120

agc
Ser

CCt
Phe

CCg
Pro

g4ya
Gly

ctt
Leu
200

aac

Agn

tgc
Cys

tac

cac
His

ctyg
Leu
280

tat

Tyr

atc
Tle

gagy
Glu

<9gY
Arg

tgg
Trp

360

acyg
Thr

gcgd
2la

ady
ATrg

gay
Glu

aag

gtt
Val

CC¢C
Phe

tca
Ser

cct
Pro
185

ctt
Leu

aac
Agn

aac
Asn

cag
Gln

dadcC

Agn
265

aac
Agn

gac
ASP

ctg
Leu

ctce
Leu

ctc

Leu
245

gat

ASP

gca
Ala

ggt
Gly

ctg
Leu

ctc
Leu
425

aag

gtg
Vval

cat
His

(ol e
Phe
170

gac
ASpP

tgc
Cys

cca
Pro

gac
ASp

cCC

Pro
250

atc
Ile

ctce
Leu

acg
Thr

gaa
Glu

atc
Tle
330

acgc
Thr

coc
Pro

atc
Ile

ctt
Leu

gay
Glu
410

atg
Met

CLCcC
Phe

gct
Ala

tgc
Cys
155

ctg
Leu

act
Thr

cag
Gln

tac

tgg
Trp

235

aat
AgSn

tcc
Ser

tcc
Ser

CcCyg
Pro

gcc
Ala
315

tcc
Ser

g9gc
Gly

agc
Ser

gay
Glu

CcCcyg
Pro
395

Jgaa
Glu

cag
Gln

gay
Glu

-continued

gay
Glu
140

tac

gay
Glu

gga
Gly

gca
Ala

CtcC
Phe
220

cac

Hig

ggc
Gly

tac

gay
Glu

gtg
Val
300

gac
ASpP

g9c
Gly

atc
Tle

aag
Lys

gcgd
Ala
380

gtc
Val

cag
Gln

gay
Glu

aag

125

atc
Tle

aag
Lys

aag
Lys

gtt
Val

gca
Ala
205

adaad

act
Thr

atc
ITle

cag
Gln

ayy
Arg

285

gay
Glu

ayy
Arg

atc
Tle

acgc
Thr

gac
Asp
365

aag

gac
Asp

aag
Lys

gac
Asp

ctyg
Leu

aag
Lys

cgt
Arg

gtt
Val

gat
ASP
190

ctce
Leu

gya
Gly

ggc<
Gly

tac

gyc
Gly

270

CtCc
Phe

gyc
Gly

gtg
Val

gcc
Ala

gyc
Gly

350

aag
Lys

gcgd
Ala

agy
ATrg

ggc<
Gly

gtc
Val
430

ctce
Leu

gtt
Val

gga
Gly

tgg
Trp

175

tac
Tyr

gayd
Glu

act
Thr

cCca
Pro

agg9
Arg

255

cgt
ATrg

ag9y
Arg

ag9y
Arg

ctce
Leu

ag9y
Arg

335
atc

Tle

tac
Tyr

ctg
Leu

aaa
Lys

tct
Ser
415

cag
Gln

aag

US 8,252,975 B2

gca
Ala

gtc
Val
160

gya
Gly

dadd

gct
2la

tat

ctg
Leu
240

aat
Agh

CCc¢
Phe

tca
sSer

aag
Lys

acc
Thr
320

g4ya
Gly

gtc
Val

atc
Ile

aac
Agn

atc
Tle
400

gac
ASDP

atc
Tle

agc
Ser

432

480

528

576

624

672

720

768

816

864

5912

960

1008

1056

1104

1152

1200

1248

1296

1344

90



atg
Met

gcd
Ala
465

cCc
Pro

tac

gtc
Val

tgc
Cys

aag
Lys
545

agd
Arg

tgg
Trp

atc
Ile

cct
Pro

<210>
<211>
<212>
<213>

<400>

Met
1

Gly

Gln

Ser

Gln

65

Ala

Ala

gay
Glu
450

cCcg
Pro

agc
Ser

gya
Gly

atc
Ile

aag
Lys
530

cgc

ATrg

aac
ASn

gay
Glu

gaa
Glu

Ser

Tle

Gly

Val

50

Arg

Gly

Thr

2la

Lys
130

435

gagy
Glu

ctt
Leu

cgc
Arg

acg
Thr

gaa
Glu
515

gtg
Val

gcc
Ala

tgc
Cys

aat
Agn

gyc
Gly

595

Ala

Ala

Leu

35

Thr

Gly

Met

Gly

Agn

115

ASP

aag
Lys

gct
Ala

Ctce
Phe

CcCcC
Pro
500

gyc
Gly

gtg
Val

atc
Tle

atg
Met

gtg
Val
580

gac
ASP

PRT

SEQUENCE :

Leu

ASP

20

Thr

Ser

Agnh

Gly

100

Gly

Ala

tat

cat
His

gay
Glu
4385

tgt

Cys

aag

gay
Glu

aag
Lys

a4acC

Asn
565

ctc
Leu

gay
Glu

SEQ ID NO 8
LENGTH :
TYPE :
ORGANISM: Oryza sgativa

609

8
Thr
5
Arg

Pro

Ser

Val
85
Leu

His

Trp

cCcyg
Pro

ct¢
Leu
470

cCc
Pro

gct
Ala

act
Thr

cCa
Pro

gtc
Val
550

cag

Gln

ctyg
Leu

atc
ITle

Thr

Ser

ATg

Ala

ATg

70

Val

Gly

ATg

ASpP

91

ggc
Gly

455

atc
Tle

tgt
Cvs

tgc
Cys

ggt
Gly

agc
Ser
535

gtc

Val

gac
Asp

ggc
Gly

gcd
Ala

Ser
Ala
Ser
Arg
55

Phe
Phe
AsSp

Val

Thr
135

440

aag
Lys

atg
Met

gya
Gly

gcgd
Ala

CLCcC
Phe
520

gac
ASP

gg¢<
Gly

ctc
Leu

ctyg
Leu

cCcyg
Pro
600

Gln

Pro

Pro

40

Ala

Pro

Val

Val

Met

120

Ser

gtg
Val

gcc
Ala

ctc
Leu

tcc
Ser
505
cac

His

gtg
Val

acg
Thr

tcc
Ser

gyc
Gly

585

ctce
Leu

Leu

Ser

25

Ala

Thr

Ser

Gly

Leu

105

Val

Val

adg9y
Arg

gga
Gly

atc
Tle
490

acc
Thr

atg
Met

aag
Lys

ccyg
Pro

Trp
570

gtc
Val

gcc
2la

2la

10

Ser

Gly

Pro

Val

Ala

50

Gly

Ile

Val

gcc
Ala

gcc
Ala
475

cag
Gln

ggt
Gly

gyc
Gly

aag

gcd
Ala
555

aag

gcc
Ala

aag

Thr

Leu

Gly

Val

75

Glu

Gly

Ser

Ala

-continued

gtg
Val
460

gac

ASDP

ctyg
Leu

999
Gly

cgt
AYg

gtg
Val
540

tac

g99
Gly

ggc
Gly

gay
Glu

Ser

Leu

ASP

Gln

60

Val

Met

Leu

Pro

Glu
140

445

gtg
Val

gtg
Val

cag
Gln

ctce
Leu

ctce
Leu
525

gcd
Ala

gag
Glu

CcCct
Pro

agc
Ser

adcC

Asn
605

Ala

Arg

Ala

45

Gln

Ala

Pro

Arg

125

Tle

aag
Lys

ctc
Leu

94Y
Gly

gtg
Val
510

agc
Ser

gcc
Ala

gag
Glu

gcyd
Ala

gcgd
Ala
590

gtg
Val

Thr

His

30

Thr

ATrg

Ala

Pro

Pro
110

|l e
Phe

gcc
Ala

atg
Met
495
gac

ASP

gtc
Val

acc
Thr

atg
Met

aag
Lys
575

ccg
Pro

gct
2la

Gly

15

Gly

Ser

Ser

Thr

Trp

55

2la

ASP

Val

US 8,252,975 B2

aac
Agn

gtc
Val
480

aga

Arg

acg
Thr

gac
ASpP

ctyg
Leu

gtc
Val
560

aac
ASn

999
Gly

gct
2la

Phe

Phe

Leu

Val

Gly

80

Ser

Met

Gln

Ala

1392

1440

1488

1536

1584

1632

1680

1728

1776

1824

1830

92



ASpP
145

ASp

ASpP

Pro

Gly

225

Ala

Ala

Ala

Ser

Ile

305

Val

Asn

Thr

Lys

385

Pro

Val

Val

Met

Ala

465

Pro

Val

Lys
545

Arg

ATrg

Arg

Thr

Agh

Arg

210

Glu

Sexr

Phe

Phe

290

Agn

Sexr

Glu

Gly

2la

370

Glu

Leu

Met

Leu

Glu

450

Pro

Ser

Gly

Tle

Lys
530

Arg

Agn

Val

Gly

Gln

195

Tle

ASP

Val

Glu

275

ASP

Trp

Pro

Leu

Met

355

Ala

Ile

Ala

Leu

435

Glu

Leu

ATrg

Thr

Glu

515

Val

Ala

Glu

Phe

Glu

180

Met

Leu

Val

Leu

Ala

260

ASP

Phe

Met

ASDP
340

ASP

Leu

Ala

Ala

420

Gly

Ala

Phe

Pro

500

Gly

Val

Tle

Met

ATy

Tle
165

Asn

Val

Lys

245

Phe

Tle

Tyvr

325

AsSn

Val

Asp

Gln

Phe

405

2la

Thr

His

Glu
485

Glu

Asn
565

Val

150

ASpP

Tle

Phe

Leu

Phe

230

ASh

Pro

ASpP

Ala

310

Ala

Tle

Ser

Ala

Ala

390

ITle

Tle

Gly

Pro

Leu

470

Pro

Ala

Thr

Pro

Vval
550

Gln

93

Arg

Hisg

Ser
Asn
215
Val
Asnh
Tle
Glu
Gly
295
Gly
Glu
Met
Glu
Thr
375
Glu

Gly

Pro

Gly
455

Tle

Gly
Ser
535

Val

Asp

Phe

Pro

Gly

Leu

200

Agn

His

Leu

280

Ile

Glu

ATrg

Trp

360

Thr

Ala

ATy

Glu

Lys

440

Met

Gly

Ala

Phe

520

ASP

Gly

Leu

Phe

Ser

Pro

185

Leu

Agn

Agn

Gln

Agn

265

Agn

ASDP

Leu

Leu

Leu

345

ASP

Ala

Gly

Leu

Leu

425

Val

Ala

Leu

Ser

505

His

Val

Thr

Ser

His
Phe

170

ASpP

Pro

ASpP

Pro

250

Tle

Leu

Thr

Glu

Tle

330

Thr

Pro

Tle

Leu

Glu

410

Met

Phe

Arg

Gly

Ile

490

Thr

Met

Pro

Trp
570

Cys
155
Leu

Thr

Gln

Trp

235

AgSn

Ser

Ser

Pro

Ala

315

Ser

Gly

Ser

Glu

Pro

395

Glu

Gln

Glu

Ala

Ala

4775

Gln

Gly

Gly

Ala
555

-continued

Tyr Lys Arg Gly

Glu

Gly

Ala

Phe

220

His

Gly

Glu

Val

300

ASDP

Gly

Tle

Ala
280
Val

Gln

Glu

Val

460

ASpP

Leu

Gly

ATYg

Val
540

Gly

Lys

Val

Ala

205

Thr

ITle

Gln

Arg

285

Glu

Arg

ITle

Thr

Asp
365

Asp

Leu

445

Val

Vval

Gln

Leu

Leu

525

Ala

Glu

Pro

Val

ASP

190

Leu

Gly

Gly

Gly

270

Phe

Gly

Val

Ala

Gly

350

Ala

ATrg

Gly

Val

430

Leu

Leu

Gly

Val

510

Ser

Ala

Glu

Ala

Trp

175

Tyr

Glu

Thr

Pro

Arg

255

Arg

ATrg

Arg

Leu

Arg

335

Tle

Leu

Ser
415

Gln

Phe

2la

Met

495

ASpP

Val

Thr

Met

Lys
575

US 8,252,975 B2

Val
160

Gly

2la

Leu
240

Agh

Phe

Ser

Thr
320

Gly

Val

Ile

Agn

Tle

400

ASpP

Tle

Ser

Agh

Val

480

ATrg

Thr

ASp

Leu

Val
560

Agn

94



95

-continued

US 8,252,975 B2

Trp Glu Asn Val Leu Leu Gly Leu Gly Val Ala Gly Ser Ala Pro Gly

580

585

590

Ile Glu Gly Asp Glu Ile Ala Pro Leu Ala Lys Glu Asn Val Ala Ala

Pro

<210>
<211>
<«212>
<213>
<«220>
<221>
<222 >

<400>

atg
Met
1

ggc
Gly

Cd9Y
Arg

gcc
Ala

tgc
Cys
65

gtg
Val

ggc
Gly

<99
ATrg

gac
ASp

gtg
Val
145

gac
ASP

atc
Ile

CtcC
Phe

ctce
Leu

Ctc
Phe

225

gcd
2la

atc
Tle

agc
Ser

gcc
Ala
50

ctce
Leu

CLCcC
Phe

gac
ASpP

gtc
Val

acc
Thr
120

agd
Arg

cac
His

tac

agc
Ser

aac
Agn
210

gtg
Val

595

gct
Ala

acc
Thr

cCcyg
Pro
35

CcCg
Pro

tcc
Ser

gtc
Val

gtc
Val

atg
Met
115

agc

Ser

tac

cCcg
Pro

9499
Gly

ctg
Leu
195

aac
Agsn

tgc
Cys

ORGANISM:
FEATURE:

NAME /KEY :
LOCATION:

SEQUENCE :

ctg
Leu

gac
ASDP
20

gca
Ala

aag
Lys

atg
Met

gyc
Gly

ctc
Leu
100

gtc
Val

gtc
Val

Ctce
Phe

tgc
Cys

CcCcC
Pro
180

ctce
Leu

aac
Agn

aac
ASn

SEQ ID NO 9
LENGTH :

TYPE: DNA

1818

600

Triticum aesgtivum

CD5S

(1) ..{(1815)

5

gtc
Val
5

agd
Arg

gat
Asp

caa
Gln

gtg
Val

gcc
Ala
g5

9949
Gly

atc
Tle

gtc
Vval

cac
His

Ctc
Phe
165

gat
Asp

tgc

cca
Pro

gac
Asp

acyg
Thr

Cte
Phe

gy
Ala

caa
Gln

gtg
Val
70

gay
Glu

ggc
Gly

tcc
Ser

tcc
Ser

tgc
Cvs
150

ctyg
Leu

gcc
Ala

cag
Gln

tac

tgg
Trp

230

tcg
Ser

<99
Arg

ccyg
Pro

agc
Ser
55

cgc
Arg

atg
Met

ctce
Leu

ccg
Pro

gagy
Glu
135

tac

gay
Glu

ggc
Gly

gca
Ala

ct¢e
Phe
215

cac
His

cag
Gln

cgt
ATrg

ctce
Leu
40

<9gY
Arg

gcc
Ala

gcgd
Ala

cCoc
Pro

cgc
ATrg
120

atc
Tle

aag
Lys

aag
Lys

acyg
Thr

gcd
Ala
200

tcc
Ser

acyg
Thr

ctce
Leu

gca
Ala
25

gyc
Gly

ddd

acg
Thr

coc
Pro

cca
Pro
105

tac

aag
Lys

cgc
Arg

gtc
Val

gac
ASP
185

ctt
Leu

g4
Gly

gyc
Gly

gcc
2la
10

ggt
Gly

atg
Met

gcd
Ala

gyc
Gly

tgg
Trp

S0
gcc

2la

gac
ASp

gtc
Val

999
Gly

C99Y
Arg

170

tac

gad
Glu

coc
Pro

ctt
Leu

ace
Thr

CCtC
Phe

agy
ATrg

cac
His

agc
Ser
75

agc
Ser

atg
Met

cag
Gln

gcg
Ala

gtg
Val
155

gyc
Gly

gay
Glu

gca
Ala

tac

ctyg
Leu
235

tcc
Ser

cag
Gln

act
Thr

cgcC
ATrg
60

gcce
Ala

aag
Lys

gcc
Ala

tac

gac
ASD
140

gac
ASDP

aag
Lys

gac
ASDP

cCC
Pro

999
Gly

220

gcc
Ala

605

ggc
Gly

ggt
Gly

acgc
Thr
45

999
Gly

ggc
Gly

acc
Thr

gcc
Ala

aag
Lys
125

gay
Glu

cgc
Arg

acc
Thr

aac
Agn

ayy
Arg

205

gaa
Glu

tgc
Cys

acc
Thr

gtg
Val
30

gga
Gly

acg
Thr

atg
Met

gyc
Gly

aac
Agn
110

gac
ASP

tac

gtg
Vval

aag
Lys

cag
Gln
190

atc
Tle

gac
ASP

tac

gtc
Val
15

ag9y
Arg

gcd
2la

“99
Arg

aac
Agn

gyc
Gly

55

ggt
Gly

gcc
2la

gay
Glu

ctce
Phe

gayd
Glu
175

cta
Leu

ctce
Leu

gtg
Val

ctce
Leu

ctce
Leu

cCccC
Pro

agc
Ser

<99
Arg

ctc
Leu
80

ctce
Leu

cac
His

tgg
Trp

ad9g
Arg

gtc
Val
160

aag
Lys

cgc
ATrg

gac
ASp

gtg
Val

aag
Lys
240

48

O6

144

192

240

288

336

384

432

480

528

576

624

672

720



agc
Ser

tgc

gcd
Ala

gac
ASP

gcc
Ala
205

gcd
Ala

atc
Tle

agc
Ser

gtc
Val

gcce
Ala
285

atc
Ile

atc
Tle

acc
Thr

Ctc
Phe

cac
His
465

gay
Glu

tgc
Cys

aag
Lys

gag
Glu

aag
Lys
545

aac
Agn

atc
Tle

cag
Gln

gyc
Gly

290

994
Gly

gayd
Glu

atg
Met

gay
Glu

acgc
Thr
370

gay
Glu

gyc
Gly

ccg
Pro

999
Gly

ccyg
Pro
450

cag
Gln

coc
Pro

gcd
Ala

acc
Thr

ccyg
Pro
530

gtc
Val

tac

cac
His

ctce
Leu
275

tac

atc
Ile

gay
Glu

cgc
ATrg

tgg
Trp

355

acc
Thr

gtg
Val

agy
ATrg

gay
Glu

aag
Lys
435

agc
Ser

atg
Met

tgc
Cys

tgc
Cys

999
Gly

515

gcc
Ala

gtc
Val

cag
Gln

aacC

ASh
260

aac
ASn

gac
ASP

ctg
Leu

ctce
Leu

ctc
Leu
340

gac
ASDP

gcd
Ala

994
Gly

ctg
Leu

atc
Tle
420

aag
Lys

aag
Lys

atg
Met

gyc
Gly

gcgd
Ala
500

CCC

Phe

gac
ASDP

gyc
Gly

tcCcc

Ser
245

atc
ITle

ctyg
Leu

aag
Lys

cag
Gln

atc
Tle
325

acg
Thr

CCC
Pro

ttyg
Leu

ctyg
Leu

gayd
Glu
405

ttyg
Leu

aag
Lys

gtg
Val

gcc
Ala

ctc
Leu
435

tcc
Ser

cac
His

gtg
Val

acg
Thr

agt
Ser

tcg
Ser

cCc
Pro

cCcyg
Pro

gcc
Ala
210

tcc
Ser

ggc<
Gly

gcc
Ala

gay
Glu

cCcyg
Pro
3290

gay
Glu

aag
Lys

Ctt
Phe

adgg
ATrg

ggc
Gly

470

atc
ITle

acc
Thr

atg
Met

aag
Lys

cCa
Pro

550

97

ggc
Gly

tat

gac
Asp

gtg
Val
295

gac
Asp

ggc
Gly

atc
Tle

aag
Lys

999
Gly

375

gtg
Val

cag
Gln

gagd
Glu

gag
Glu

gcc
bAla
455

gcc
Ala

cag
Gln

ggc
Gly

ggc
Gly

aag
Lys
535

gcc
bAla

atc
Tle

cag
Gln

a9y
ATy

280

gay
Glu

aag
Lys

gaa
Glu

acc
Thr

gac
ASP
360

aag
Lys

gac
ASP

aag
Lys

gay
Glu

¢99Y
ATrg

440

gtg
Val

gac
ASpP

ctce
Leu

9494
Gly

cgc
ATrg
520

gtg
Val

tac

tat

g9gc
Gly

265

Ctc
Phe

94Y
Gly

gtg
Val

gcc
Ala

ggc
Gly

345

aag
Lys

gcd
Ala

cy9Y
ATg

gyc
Gly

gac
ASP
425

ctg
Leu

gtc
Val

gtg
Val

cag
Gln

ctc
Leu
505

ctce
Leu

gtg
Val

cat
His

agg
Arg

250

cgc

aag
Lys

cgc
Arg

ctce
Leu

ag9y
Arg

330

atc
Tle

|l e
Phe

ctg
Leu

aag
Lys

cCcC
Pro
410

gtc
Val

ctce
Leu

ag9g
Arg

e
Leu

9499
Gly

490

gtc
Val

agc
Ser

acc
Thr

gay
Glu

acg
Thr

CtcC
Phe

tcg
Ser

aag
Lys

acg
Thr
315

gyc
Gly

gtc
Val

ctc
Leu

aac
ASh

gtg
Val
395

gac
ASDP

cag
Gln

aag
Lys

(o
Phe

gcc
Ala
475

atg
Met

gac
ASDP

gtc
Val

ace
Thr

atg
Met
555

-continued

gcc
Ala

tcc
Ser

tcc
Serx

atc
ITle
200

gtg
Val

tgc
Cys

aac
ASn

gcc
Ala

aag
Lys
380

cCC
Pro

gtg
Val

atc
Tle

agc
Ser

aac
AsSn
460

gtc
Val

cgc
ATYJ

acyg
Thr

gac
ASpP

ctyg
Leu
540

gtc
Val

aag
Lys

Ct¢
Phe

ctc
Phe
285

aac
Agn

agc
Ser

gay
Glu

gge<
Gly

gcc
Ala
365

gay
Glu

ctyg
Leu

atg
Met

gtt
Val

gtg
Vval
445

gcd
Ala

acc
Thr

tac

atc
Ile

tgc
Cys
525

aag
Lys

aag
Lys

gta
Val

gac
ASP
270

gac
ASP

tgg
Trp

coc
Pro

ctce
Leu

atg
Met
350

aac
Agn

gcyd
Ala

gtg
Val

atc
Ile

ctc
Leu
430

gag
Glu

cCcyg
Pro

agc
Ser

gya
Gly

atg
Met
510

aac
Agn

cgc
ATrg

aac
Agn

gcd
2la
255

gac
ASpP

(ol e
Phe

atg
Met

tac

gac
ASpP
335

gac
ASP

tac

ctg
Leu

gcc
ala

gcc
2la
415

ctyg
Leu

gag
Glu

ctg
Leu

cgc
Arg

acyg
Thr
495

gayd
Glu

gtg
Val

gcc
2la

tgc
Cys

US 8,252,975 B2

CLCcC
Phe

CLC¢
Phe

atc
Tle

aag
Lys

tac
Tyr
320

aac
Agn

gtc
Val

gac
ASp

cag
Gln

CCc
Phe
400

gcc
2la

gyc
Gly

aag
Lys

gct
Ala

CCc¢
Phe
480

ccg
Pro

gyc
Gly

gtg
Val

gtc
Val

atg
Met
560

768

816

864

512

960

1008

10506

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

lo32

1680

98



atc
Tle

ctt
Leu

gay
Glu

cag
Gln

ctg
Leu

atct
Tle

gat
ASP

gaa
Glu

gcgd
Ala
505

ctce
Leu

ctg
Leu
580

cCcg
Pro

tcCcc

Ser
565

g9Y
Gly

ctc
Leu

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPE:

<213>

PRT

<400> SEQUENCE:

Met Ala Ala Leu

1

Gly

ATg

Ala

Cys

65

Val

Gly

ATrg

ASpP

Val

145

ASP

Tle

Phe

Leu

Phe

225

Ser

Ala

ASP

Ala
205

Tle

Ser

2la

50

Leu

Phe

ASpP

Val

Thr

130

ATrg

Hig

Ser

Agn

210

Val

Agn

Tle

Gln

Gly

290

Gly

Thr

Pro

35

Pro

Ser

Val

Val

Met

115

Ser

Pro

Gly

Leu

195

Agn

His

Leu
275

Tle

ASP
20

Ala

Met

Gly

Leu

100

Val

Val

Phe

Pro

180

Leu

Agn

Agn

Gln

Agnh

260

Agn

ASP

Leu

605

10

Val

5

Arg

Asp

Gln

Val

Ala

85

Gly

Ile

Val

His

Phe

165

Asp

Pro

Asp

Ser

245

ITle

Leu

Gln

tgg
Trp

gtc
Val

gcc
Ala

Thr

Phe

Ala

Gln

Val

70

Glu

Gly

Ser

Ser

Cys

150

Leu

Ala

Gln

Trp

230

Ser

Ser

Pro

Pro

Ala
210

99

aag

gag
Glu

atg
Met

Ser

Arg

Pro

Ser

55

Arg

Met

Leu

Pro

Glu

135

Glu

Gly

Ala

Phe

215

Hisg

Gly

AsSp

Val
295

Asp

999
Gly

999
Gly

gad
Glu
600

Gln

ATrg

Leu

40

Arg

Ala

Ala

Pro

ATy

120

Tle

Thr

Ala

200

Ser

Thr

Ile

Gln

ATrg

280

Glu

cca
Pro

agc
Ser
585

aac
ASn

ORGANISM: Triticum aegtivum

Leu
Ala
25

Gly

Thr

Pro

Pro
105

ATrg

Val

ASDP

185

Leu

Gly

Gly

Gly
265

Phe

Gly

Val

gcc
2la
570

gag
Glu

gtc
Val

Ala

10

Gly

Met

A2la

Gly

Trp

50

2la

ASpP

Val

Gly

Arg

170

Glu

Pro

Leu

Arg

250

Arg

Arg

Leu

aag

cCca
Pro

gcc
Ala

Thr

Phe

AYg

His

Ser

75

Ser

Met

Gln

Ala

Val

155

Gly

Glu

Ala

Leu
235
Thr

Phe

Ser

Thr
315

-continued

aac
Agn

999
Gly

gct
Ala

Serx

Gln

Thr

ATrg

60

Ala

Ala

ASDP
140

ASpP

ASD

Pro

Gly

220

Ala

Ala

Ser

Ser

Ile

300

Val

tgg
Trp

gtc
Val

cCC
Pro
605

Gly

Gly

Thr

45

Gly

Gly

Thr

Ala

Lys

125

Glu

Arg

Thr

AsSn

Arg

205

Glu

Phe
Phe
285

Asn

Ser

gag
Glu

atc
Tle
590

Thr

Val

30

Gly

Thr

Met

Gly

Agn

110

ASP

Val

Gln
190
Tle

ASP

Val

ASP

270

ASP

Trp

Pro

gac
ASpP
575

gyc
Gly

Val

15

Arg

ala

Arg

Agn

Gly

55

Gly

2la

Glu

Phe

Glu

175

Leu

Leu

Val

Leu

2la

255

ASpP

Phe

Met

US 8,252,975 B2

gtg
Val

gag
Glu

Leu

Pro

Ser

Arg

Leu

80

Leu

His

Trp

Val
160

ASp

Val

Lys

240

Phe

Phe

Tle

Tyr
320

1728

1776

1818

100



Ala

Tle

Ser

Val

Ala

385

ITle

Tle

Thr

Phe

Hig

4165

Glu

Glu

Lys

545

Tle

Leu

Glu

<210>
<211>
<«212>
<213>
<220>
«221>
<222>

Glu

Met

Glu

Thr

370

Glu

Gly

Pro

Gly

Pro

450

Gln

Pro

Ala

Thr

Pro

530

Val

Gln

Leu

Tle

Glu

Trp

355

Thr

Val

ATg

Glu

Lys
435

Ser

Met

Gly

515

Ala

Val

ASP

Glu

Ala
505

Leu

Leu

340

ASP

Ala

Gly

Leu

Tle
420

Met

Gly

Ala

500

Phe

ASP

Gly

Leu

Leu

580

Pro

<400> SEQUENCE:

atg gcg gct

Met
1

ggc
Gly

ay9y
ATrg

agc
Ser

Ala

gtc
Val

944
Gly

gcgd
2la
50

Ala

cCcg
Pro

gcc
Ala
35

cgc

ctg
Leu

gac
ASP
20

c99Y
ATg

gcd
Ala

Tle

325

Thr

Pro

Leu

Leu

Glu

405

Leu

Val

Ala

Leu

485

Ser

His

Val

Thr

Ser

565

Gly

Leu

SEQ ID NO 11
LENGTH:
TYPE: DNA
ORGANISM:
FEATURE:

NAME /KEY :
LOCATION:

1818

A=Y-

CDS
(1)

11

gcc
Ala

gcd
Ala

gcd
Ala

gcd
Ala

Ser

Gly

Ala

Glu

Pro

390

Glu

Phe

ATg

Gly

470

ITle

Thr

Met

Pro
550

Trp

Val

Ala

101

Gly

Tle

Gly

375

Val

Gln

Glu

Glu

Ala

455

Ala

Gln

Gly

Gly

Lys

535

bAla

Glu

Met

mays

acyg
Thr

tcc
Ser

tcg
Ser

cCcC
Pro

.. {1815)

tcg
Ser

acyg
Thr

gcd
Ala

ayy
Arg

55

Glu

Thr

ASP
360

Glu

ATrg
440

Val

ASP

Leu

Gly

ATrg

520

Val

Gly

Gly

Glu
600

cag
Gln

CCc
Phe

gcgd
2la
40

cac
His

Ala

Gly
345

Ala

Arg

Gly

ASP

425

Leu

Val

Val

Gln

Leu
505

Leu

Val

His

Pro

Ser
585

Agn

ctc
Leu

cgc
ATg
25

gcd
Ala

cag
Gln

ATrg
330

Tle

Phe

Leu

Pro
4710

Val

Leu

Arg

Leu

Gly
490

Val

Ser

Thr

Glu

2la
570

Glu

Val

gtc
Val
10

cgc
Arg

gac
ASpP

cag
Gln

Gly

Val

Leu

Agn

Val

395

ASDP

Gln

Phe

Ala

475

Met

ASpP

Val

Thr

Met
555

Pro

Ala

gca
Ala

ggc
Gly

acg
Thr

cag
Gln

-continued

Cys Glu Leu Asp

AsSn

Ala

Lys

380

Pro

Val

Tle

Ser

AsSn

460

Val

AYg

Thr

ASpP

Leu

540

Val

AsSn

Gly

Ala

acyg
Thr

gcc
Ala

ctce
Leu

gcgd
Ala
60

Gly

Ala

365

Glu

Leu

Met

Val

Val

445

Ala

Thr

ITle

Cys
525

Trp

Val

Pro
605

Ccgc
Arg

gcd
Ala

agc
Ser
45

cgc
Arg

Met
350

Agn

2la

Val

Ile

Leu

430

Glu

Pro

Ser

Gly

Met

510

Agn

ATg

Agn

Glu

Ile
590

gcc
Ala

cag
Gln
20

atg
Met

Ccgc
ATrg

335

ASpP

Tyr

Leu

2la

ala
415

Leu

Glu

Leu

Arg

Thr
495

Glu

Val

2la

ASpP
575

Gly

gyc
Gly

15

gyc
Gly

C99Y
Arg

999
Gly

US 8,252,975 B2

Agh

Val

ASpP

Gln

Phe

400

Ala

Gly

Ala

Phe

480

Pro

Gly

Val

Val

Met

560

Val

Glu

ctyg
Leu

ctg
Leu

acgc
Thr

gyc
Gly

48

56

144

192

102



ayy
ATg

65

CtcC
Phe

gac
ASp

gtc
Val

acgc
Thr

agd
ATy

145

cac
Hisg

tac

agc
Ser

aac
Agn

gtc
Val
225

aac
ASn

atc
ITle

gay
Glu

ggc
Gly

g999Y
Gly

305

gay
Glu

atg
Met

gay
Glu

tcg
Ser

CLCcC
Phe

gtc
Val

gtc
Val

atg
Met

agc
Ser
130

cCtce
Phe

cca
Pro

999
Gly

ctg
Leu

aac
Agn
210

tgc

Cys

tac

cac
His

ctyg
Leu

tac
Tvyr
290

atc
Tle

gay
Glu

cgc
ATy

Trp

acg
Thr
370

cCcg
Pro

gyc
Gly

ctce
Leu

gtc
Val
115

gtc
Val

| e
Phe

ctg
Leu

cct
Pro

cta
Leu
195

aac
Agsn

aac
Agsn

cag
Gln

aac
ASn

aac
Agn
275

gay
Glu

ctce
Leu

ctc
Leu

ctce
Leu

gac
ASP
355

gcc
Ala

tcg
Ser

gcc
Ala

gyc
Gly

100

gtc
Val

gtg
Val

cac
Higs

Ctce
Phe

gtc
Val
180

tgc
Cys

cca
Pro

gac
ASDP

tcc
Ser

atc
Ile
260

ctce
Leu

aag
Lys

gag
Glu

atc
Tle

acgc
Thr
240

coc
Pro

gtg
Val

ctce
Leu

gad
Glu
85

ggc
Gly

tct
Ser

tcc
Ser

tgc
Cvs

ctyg
Leu
165

gct
Ala

cag
Gln

tac

tgg
Trp

cac
His
245

tcc
Ser

cCg
Pro

‘ofels
Pro

gcc
2la

LCcC

Ser
325

ggc
Gly

agc
Ser

gay
Glu

gtc
Val
70

atg
Met

ctyg
Leu

cCcC
Pro

gay
Glu

tac
Tyr
150

gay
Glu

gga
Gly

gca
Ala

Cte
Phe

cac
His
230

ggc
Gly

tac

gay
Glu

gtg
Val

gac
ASpP
310

ggc
Gly

atc
ITle

ay9y
ATg

gcc
Ala

103

gtg
Val

gcd
Ala

ccyg
Pro

cgc
Arg

atc
Tle
135

aag
Lys

ayy
Arg

acyg
Thr

gca
Ala

tcc
Ser
215

acgc
Thr

atc
Tle

cag
Gln

aga
Arg

gaa
Glu
295

ag9y
Arg

atc
Tle

acgc
Thr

gac
Asp

aag
Lys
375

tgc
Cys

ccyg
Pro

ccyg
Pro

tac
Tyr
120

aag
Lys

cgc
ATy

gtt
Val

gac
ASP

ctt
Leu
200

gdg4a
Gly

gy
Gly

tac

gyc
Gly

CLCcC
Phe
280

gygc
Gly

gtc
Val

gcc
Ala

ggc
Gly

aag
Lys
360

gcgd
Ala

gcc
Ala

tgg
Trp

gcc
Ala
105

gac
ASDP

atg
Met

g9ga
Gly

tgg
Trp

tac
Tyr
185

gaa

Glu

cca
Pro

cct
Pro

agd
Arg

cy9Y
ATg

265

aag
Lys

c99Y
ATrg

ctce
Leu

adg

atc
Ile
245

tac

ctg
Leu

agc
Ser

agc
Ser
S0

atg
Met

cag
Gln

gdga
Gly

gtg
Val

gya
Gly

170

ag9y
Arg

gct
2la

tac

ctce
Leu

gac
ASp
250

(ol e
Phe

tcg
Ser

aag
Lys

acc
Thr

gyc
Gly

330

gtc
Val

atc
Ile

aac
Agn

gcc
Ala
75

aag

gcc
Ala

tac

gac
ASpP

gac
ASp
155

aag
Lys

gac
ASDP

cca
Pro

999
Gly

tcyg
Ser
235

gca
Ala

gcc
Ala

tcc
Ser

atc
ITle

gtc
Val
315

aac
ASnh

gcc
Ala

aag

-continued

ggc
Gly

acc
Thr

gcd
Ala

aag
Lys

g99
Gly

140

cgcC
AT

acgc
Thr

aac
Agn

ayy
ATYg

gay
Glu
220

tgc
Cys

aag
Lys

Ctc
Phe

CtcC
Phe

aac

ASn
200

agc
Ser

gay
Glu

ggc
Gly

gtg
Val

gagy
Glu
280

atg
Met

ggc
Gly

aac
Agn

gac
Asp
125

tac

gtg
Val

gay
Glu

cag
Gln

atc
Tle
205

gac
Asp

tac

acc
Thr

tcc
Ser

gat
Asp
285

tgg
Trp

cCcC
Pro

ctc
Leu

atg
Met

aag
Lys
365

gcd
Ala

aac
ASn

gyc
Gly

9499
Gly

110

gcc
Ala

gay
Glu

CCc
Phe

gay
Glu

ctg
Leu
190

ctyg

Leu

gtc
Val

ctce
Leu

gct
Ala

gac
ASP
270

CLC

Phe

atg
Met

tac

gac
ASP

gac
ASP
350

tac

ctyg
Leu

gtc
Val

ctc
Leu
o5

cac
His

tgg
Trp

acyg
Thr

gtt
Val

aag
Lys
175

C99Y
Arg

agc
Ser

gtg
Val

aag
Lys

ctce
Phe
255

tac

Tyr

atc
Ile

aag
Lys

tac

aac

ASnh
335

gtc
Val

gac
ASP

cag
Gln

US 8,252,975 B2

gtc
Val
80

gyc
Gly

cgt
Arg

gac
ASp

gtc
Val

gac
ASp
160

atc
Ile

CLCC
Phe

ctce
Leu

CLC¢
Phe

agc
Ser
240

tgc
Cys

ccg
Pro

gac
ASpP

gcc
Ala

gcc
Ala
320

atc
ITle

agc
Ser

gtg
Val

gcd
Ala

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

104



gay
Glu
285

ggc
Gly

ccyg
Pro

acyg
Thr

Ctc
Phe

cac
Hig
465

gay
Glu

tgc
Cys

aag
Lys

gag
Glu

aag
Lys
545

atc
Tle

ctyg
Leu

gay
Glu

<210>
<211>
<212 >
<213>

<400>

gtc
Val

ag9gy
Arg

cag
Gln

ggc<
Gly

cCca
Pro
450

cac
His

coc
Pro

gcc
2la

acc
Thr

ccyg
Pro
530

gtg
Val

cag
Gln

ctce
Leu

atc
Ile

9499
Gly

ctg
Leu

ctce
Leu

aag
Lys
435

ggc
Gly

atc
Tle

tgc
Cys

tgc
Cys

999
Gly

515

gcd
2la

gtc
Val

gat
ASP

agc
Ser

gcgd
Ala
505

ctce
Leu

gaa
Glu

atg
Met
420

aag
Lys

aag
Lys

atg
Met

gyc
Gly

gCcgd
Ala
500

CCC

Phe

gac
ASDP

gyc
Gly

ctc
Leu

ctc
Leu
580

ccyg
Pro

PRT

SEQUENCE :

Met Ala 2Ala Leu

1

Gly

ATrg

Ser

Arg
65

Val

Gly

2la

50

Phe

Pro

Ala
35

ATrg

Pro

ASP
20
ATrg

Ala

Ser

cCg
Pro

gad
Glu
405

gay
Glu

aag
Lys

gtg
Val

gcc
Ala

ctc
Leu
485

tcc
Ser

cac
His

gtc
Vval

acg
Thr

tcc
Ser
565

g9Y
Gly

ctce
Leu

SEQ ID NO 12
LENGTH:
TYPE :
ORGANISM: Zea

605

12

Ala

5

Ala

Ala

Ala

Leu

gtg
Val
290

cag
Gln

atg
Met

Cte
Phe

Ccgc
ATrg

ggc
Gly

470

atc
ITle

acc
Thr

atg
Met

aag
Lys

cCcyg
Pro
550

tgg
Trp

gtc
Val

gcc
Ala

105

gac
Asp

aag
Lys

gtg
Val

gag
Glu

gcc
Ala
455

gcc
Ala

cag
Gln

ggt
Gly

ggc
Gly

aag
Lys
535

gy
Ala

aag
Lys

gcc
Ala

aag
Lys

mays

Thr

Ser

Ser

Pro

Vval
70

Ser

Thr

Ala

Arg

55

Val

cyY
ATy

gygc
Gly

gay
Glu

cgc
Arg
440

gtg
Val

gac
ASpP

ctyg
Leu

gya
Gly

cgc
ATrg
520

gtg
Val

tac
Tyr

ggc
Gly

gyc
Gly

gagd
Glu
600

Gln

Phe

2la

40

His

aac
ASn

coc
Pro

gac
ASDP
425
atg
Met

gtc
Val

gtg
Val

cag
Gln

ctce
Leu
505
ctce

Leu

gcc
Ala

gay
Glu

cct
Pro

gyc
Gly

585

aac
Agn

Leu

25

Ala

Gln

Ala

atc
Ile

gac
ASpP
410

gtg
Val

ctce
Leu

aag
Lys

e
Leu

9499
Gly

490

gtc
Val

agc
Ser

acc
Thr

gay
Glu

gcc
Ala
570

gay
Glu

gtyg
Val

Val
10

ASp

Gln

Ser

CcCyg
Pro
395
gtc
Val

cag
Gln

atg
Met

(o
Phe

gcc
Ala
475

atg
Met

gac
ASDP

gtc
Val

aca
Thr

atg
Met
555

aag

Liys

cca
Pro

gcc
Ala

Ala

Gly

Thr

Gln

Ala
75

-continued

ctyg
Leu

atg
Met

atc
Tle

agc
Ser

aac
AsSh
460

gtc
Val

cga
ATYJ

acc
Thr

gac
ASpP

ttyg
Leu
540

gtg
Val

aac
ASn

99Y
Gly

gcd
Ala

Thr

Ala

Leu

Ala

60

Gly

gtyg
Val

gcd
Ala

gtt
Val

gcc
Ala
445

gcd
Ala

acc
Thr

tac

atc
Ile

tgt
Cys
525

cag
Gln

agg
Arg

tgg
Trp

gtc
Val

cCC
Pro
605

Arg

Ala

Ser
45

Arg

Met

gcgd
Ala

gcc
Ala

ctyg
Leu
430

gag
Glu

gcyd
Ala

agc
Ser

gya
Gly

atc
Ile
510

aac
Agn

cgc
ATrg

aac
Agn

gay
Glu

gaa
Glu
590

Ala

Gln

30

Met

ATg

Agn

CLCcC
Phe

gcc
2la
415

ctg
Leu

gag
Glu

ctg
Leu

cgc
Arg

acyg
Thr
495
gaa

Glu

gtc
Val

gcc
2la

tgc
Cys

aac
ASnh
575

gyc
Gly

Gly

15

Gly

Arg

Gly

Val

US 8,252,975 B2

atc
Ile
400

atc
ITle

gyc
Gly

aag
Lys

gcd
Ala

CCc¢
Phe
480

cCC
Pro

gyc
Gly

gtg
Val

atc
Tle

atg
Met
560

gtg
Val

gay
Glu

Leu

Leu

Thr

Gly

Val
80

1200

1248

1296

1344

1392

1440

1488

1536

1584

lo32

1680

1728

1776

1818

106



Phe

ASp

Val

Thr

Arg

145

His

Ser

AsSn

Val

225

Asn

Tle

Glu

Gly

Gly

305

Glu

Met

Glu

Ser

Glu
285

Gly

Pro

Thr

Phe

His

465

Glu

Val

Val

Met

Sexr

130

Phe

Pro

Gly

Leu

Agn
210

His

Leu

Tyr

290

Tle

Glu

ATy

Trp

Thr

370

Val

ATrg

Gln

Gly

Pro

450

Hig

Pro

2la

Gly

Leu

Val

115

Val

Phe

Leu

Pro

Leu

195

Agn

Agn

Gln

AgSh

Agn

275

Glu

Leu

Leu

Leu

ASP

355

Ala

Gly

Leu

Leu

Lys

435

Gly

Ile

Ala

Gly

100

Val

Val

His

Phe

Val

180

Pro

ASDP

Ser

Tle

260

Leu

Glu

Tle

Thr

340

Pro

Val

Leu

Glu

Met
420

Met

Gly

Ala
500

Glu
85
Gly

Ser

Ser

Leu
165
Ala

Gln

Trp

His

245

Ser

Pro

Pro

2la

Ser

325

Gly

Ser

Glu

Pro

Glu

405

Glu

Val

Ala

Leu
485

Ser

Met

Leu

Pro

Glu

Tyr

150

Glu

Gly

Ala

Phe

His

230

Gly

Glu

Val

ASpP

310

Gly

ITle

ATrg

Ala

Val

390

Gln

Met

Phe

ATrg

Gly

470

Tle

Thr

107

Ala

Pro

Arg

Tle

135

Arg

Thr

Ala

Ser

215

Thr

Ile

Gln

Arg

Glu

295

Arg

Tle

Thr

Asp

Lys

375

Asp

Val

Glu

Ala

455

Ala

Gln

Gly

Pro

Pro

Tyr

120

Arg

Val

ASpP

Leu

200

Gly

Gly

Gly

Phe

280

Gly

Val

Ala

Gly

Lys

360

2la

Arg

Gly

Glu

Arg

440

Val

ASP

Leu

Gly

Trp

Ala

105

ASP

Met

Gly

Trp

Tyr

185

Glu

Pro

Pro

ATrg

Arg
265

Leu

ATrg

Ile

345

Leu

AgSh

Pro

ASP

425

Met

Val

Val

Gln

Leu
505

Sexr

50

Met

Gln

Gly

Val

Gly

170

2la

Leu
ASpP
250

Phe

Ser

Thr

Gly

330

Val

Tle

Agn

Tle

ASp

410

Val

Leu

Leu

Gly
490

Val

Ala

ASp

ASp

155

ASpP

Pro

Gly

Ser

235

Ala

Ala

Ser

Ile

Val

315

Agnh

Ala

Pro

395

Val

Gln

Met

Phe

Ala

475

Met

ASp

-continued

Thr Gly Gly Leu

Ala

Gly

140

ATYg

Thr

Agnh

ATYg

Glu
220

Phe

Phe

Asn

300

Ser

Glu

Gly

Val

Glu

380

Leu

Met

Ile

Ser

AsSn

460

Val

ATYg

Thr

AsSn

Asp

125

Vval

Glu

Gln

Tle

205

Asp

Thr

Ser

Asp

285

Trp

Pro

Leu

Met

Lys

365

Ala

Val

Ala

Val

Ala

445

Ala

Thr

Tle

Gly

110

Ala

Glu

Phe

Glu

Leu

120

Leu

Val

Leu

Ala

ASP

270

Phe

Met

ASP

ASP

350

Leu

Ala

Ala

Leu

430

Glu

Ala

Ser

Gly

Tle
510

55

His

Trp

Thr

Val

Lys

175

Arg

Ser

Val

Phe
255

Tle

Agn
335

Val

ASpP

Gln

Phe

2la

415

Leu

Glu

Leu

ATrg

Thr
495

Glu

US 8,252,975 B2

Gly

ASpP

Val

ASp

160

Ile

Phe

Leu

Phe

Ser

240

Pro

ASDP

2la

Ala

320

Tle

Ser

Val

2la

ITle

400

Tle

Gly

b2la
Phe
480

Pro

Gly

108



US 8,252,975 B2

109 110
-contilnued

Lys Thr Gly Phe His Met Gly Arg Leu Ser Val Asp Cys Asn Val Val

515 520 525
Glu Pro Ala Asp Val Lys Lys Val Ala Thr Thr Leu Gln Arg Ala Ile

530 535 540
Lys Val Val Gly Thr Pro Ala Tyr Glu Glu Met Val Arg Asn Cys Met
545 550 555 560
Ile Gln Asp Leu Ser Trp Lys Gly Pro Ala Lys Asn Trp Glu Asn Val
565 570 575
Leu Leu Ser Leu Gly Val Ala Gly Gly Glu Pro Gly Val Glu Gly Glu
580 585 590

Glu Ile Ala Pro Leu Ala Lys Glu Asn Val Ala Ala Pro

595 600 605

We claim: - ¢) generating further plants by 1solating plant cells from a
1. A genetically modified monocotyledonous plant cell that plant of step b) and repeating steps a) and b); and

comprises a waxy mutation that results 1n the synthesis of a d) repeating step ¢) until a plant has been generated which
starch with an apparent amylose content of less than 5% by has an increased expression of a starch synthase II, an
weight and that comprises a foreign nucleic acid molecule increased expression of a glucan water dikinase, and a
that increases the expression of a starch synthase II, and a 55 reduced expression of a GBSSI, 1n comparison with a
foreign nucleic acid molecule that increases the expression of corresponding wild-type plant that has not been geneti-
a glucan water dikinase, each compared to a corresponding cally modified by introducing the foreign nucleic acid
monocotyledonous plant cell that does not comprise said molecules of claim 5.
foreign nucleic acid molecules, wherein said starch has a 9. A process for the preparation of flours, said process
hot-swelling power of between 60 to 100 g/g. 30 comprising the step of grinding parts of the propagation mate-

2. A monocotyledonous plant comprising the genetically
modified plant cell of claim 1.

3. The monocotyledonous plant of claim 2, wherein said
plant 1s rice, maize or wheat.

4. A propagation material of monocotyledonous plants,
wherein said propagation material comprises the genetically
modified plant cell of claim 1.

5. A method of generating a genetically modified mono-
cotyledonous plant, said method comprising the following
steps:

a) genetically modifying a monocotyledonous plant cell

comprising the following steps:

1) introducing, into the plant cell, a foreign nucleic acid
molecule that increases the expression of a starch
synthase II in comparison with a corresponding wild-
type plant cell that does not comprise said foreign
nucleic acid molecule,

11) introducing, into the plant cell, a foreign nucleic acid
molecule that increases the expression of a glucan
water dikinase 1n comparison with a corresponding
wild-type plant cell that does not comprise said for-
e1gn nucleic acid molecule,

111) introducing, into the plant cell, a foreign nucleic acid
molecule that reduces the expression of a GBSSI 1n
comparison with a corresponding wild-type plant
cells that does not comprise said foreign nucleic acid
molecule,

where steps 1 to 111 can be carried out 1n any sequence,
individually or simultaneously; and

b) regenerating a plant from the plant cell of step a).

6. A process for the preparation of a modified starch, said
process comprising the step of extracting the starch from the
genetically modified plant cell of claim 1.

7. A process for the preparation of flours, said process
comprising the step of grinding parts of the plant of claim 2.

8. The method of claim 5, further comprising the following
steps:
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rial of claim 4.

10. A process for the preparation of flours, said process
comprising the step of grinding parts of the plants produced
by the method of claim 5.

11. The genetically modified monocotyledonous plant cell
of claim 1, wherein the plant cell comprises

at least one foreign nucleic acid molecule encoding a starch

synthase II; and

at least one foreign nucleic acid molecule encoding a glu-

can water dikinase.

12. The genetically modified monocotyledonous plant cell
of claim 11, wherein the at least one foreign nucleic acid
molecule encoding a starch synthase II comprises:

1) a nucleic acid molecule encoding a protein comprising,

the amino acid sequence of SEQ. ID. NOs.: 4 or 6;

11) a nucleic acid molecule comprising the nucleic acid

sequence of SEQ. ID. NOs.: 3 or 3; or

111) a nucleic acid molecule that hybridizes under stringent

conditions with at least one strand of the nucleic acid

molecule described 1n 11), wherein the stringent condi-
tions are:

hybridization butier: 2xSSC, 10xDenhardt solution (Ficoll

400+PEG+BSA; ratio 1:1:1), 0.1% SDS; S mM EDTA,
50 mM Na,HPO4, 250 ng/ml of herring sperm DNA, 50
ug/ml of tRNA, or 25 M sodium phosphate butter pH
7.2; 1 mM EDTA; 7% SDS;

hybridization temperature: T=65 to 68° C.;

wash butffer: 0.1xSSC; 0.1% SDS; and

wash temperature: 1=65 to 63° C.

13. The genetically modified monocotyledonous plant cell
of claim 11, wherein the at least one foreign nucleic acid
molecule encoding a glucan water dikinase comprises:

1) a nucleic acid molecule encoding a protein comprising,

the amino acid sequence of SEQ. ID. NO.: 2;

11) a nucleic acid molecule comprising the nucleic acid

sequence of SEQ. ID. NO.: 1; or
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111

111) a nucleic acid molecule that hybridizes under stringent
conditions with at least one strand of the nucleic acid

molecule described 1n 11), wherein the stringent condi-

tions are:
hybridization butlfer: 2xSSC, 10xDenhardt solution (Ficoll

400+PEG+BSA; ratio 1:1:1), 0.1% SDS; 5 mM EDTA,

S0mM Na,HPO4, 250 ug/ml of herring sperm DNA, 50
ug/ml of tRNA, or 25 M sodium phosphate butter pH
7.2; 1 mM EDTA; 7% SDS;

hybridization temperature: T=635 to 68° C.;

wash bufter: 0.1xSSC; 0.1% SDS; and

wash temperature: 1=65 to 68° C.

14. A genetically modified monocotyledonous plant cell
comprising a foreign nucleic acid molecule that reduces the
expression of an endogenous GBSSI, a foreign nucleic acid
molecule that increases expression of a starch synthase 11, and
a foreign nucleic acid molecule that increases expression of a
glucan water dikinase, each compared to a corresponding
monocotyledonous plant cell that does not comprise said
foreign nucleic acid molecules, wherein said plant cell syn-
thesizes a starch having a hot-swelling power of between 60
to 100 g/g.

15. The genetically modified monocotyledonous plant cell
of claim 14, wherein the foreign nucleic acid molecule that
reduces the expression of an endogenous GBSSI comprises:

1) a nucleic acid molecule encoding a protein comprising,

the amino acid sequence of SEQ. ID. NO.: 8, 10, or 12;

1) a nucleic acid molecule comprising the nucleic acid

sequence of SEQ. ID. NO.: 7,9, 0r 11; or

111) a nucleic acid molecule that hybridizes under stringent

conditions with at least one strand of the nucleic acid
molecule described 1n 11), wherein the stringent condi-
tions are:

hybridization butler: 2xSSC, 10xDenhardt solution (Ficoll

400+PEG+BSA; ratio 1:1:1), 0.1% SDS; 5 mM EDTA,
S0mM Na,HPO4, 250 ug/ml of herring sperm DNA, 50
ug/ml of tRNA, or 25 M sodium phosphate buffer pH
7.2; 1 mM EDTA; 7% SDS;
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hybridization temperature: T=65 to 68° C.;

wash bufler: 0.1xSSC; 0.1% SDS; and

wash temperature: 1=65 to 68° C.

16. The genetically modified monocotyledonous plant cell
of claim 14, wherein the foreign nucleic acid molecule that
reduces the expression of an endogenous GBSSI comprises

(1) a nucleic acid molecule encoding at least one antisense
RINA that reduces the expression of at least one endog-
enous gene encoding a GBSSI protein;

(11) a nucleic acid molecule which, via a co-suppression
elfect, reduces the expression of at least one endogenous
gene encoding a GBSSI protein; or

(111) a nucleic acid molecule that simultaneously encodes at
least one antisense RNA and at least one sense RNA,
where said antisense RNA and said sense RNA form a
double-stranded RNA molecule that reduces the expres-
ston of at least one endogenous gene encoding a GBSSI
protein.

17. A method of generating a genetically modified mono-

cotyledonous plant comprising the following steps:

a) genetically modifying a monocotyledonous plant cell
that comprises a waxy mutation that results 1n the syn-
thesis of a starch having an apparent amylose content of
less than 5% comprising the following steps:

1) introducing, into the plant cell, a foreign nucleic acid
molecule that increases the expression of a starch
synthase II 1n comparison with a corresponding wild-
type plant cell that does not comprise said foreign
nucleic acid molecule, and

11) introducing, into the plant cell, a foreign nucleic acid
molecule that increases the expression of a glucan,
water dikinase 1n comparison with a corresponding
wild-type plant cell that does not comprise said for-
eign nucleic acid molecule

where steps 1 to 11 can be carried out 1n any sequence,
individually or simultaneously; and

b) regenerating a plant from the plant cell of step a).
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